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SUMMARY 

This paper gives details of many of the engineering develop¬ 
ments wliicli have taken place in the inland telegraph service 
of the British Isles during the past few years. Some account 
is also given of the tlieory and nomenclature of modern 
telegraphy and of the application of alternating currents to 
telegraph transmission. 

Chief among the developments is the conversion of the 
main telegraph system of the British Isles to multi-channel 
voice-frequency worldng', which has resulted in the unification 
of the telephone and telegraph line plant. The introduction 
and rapid expansion of the private-wire services have also 
contributed to a renewal of interest in telegraph matters, and 
engineers have seized thie opportunity to adapt for telegraph 
purposes many of the technical developments of other branches 
of the telecommunications art. 
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(1) INTRODUCTION 

In a paper read before The Institution in November, 
1932, Mr, R. P. Smith* described the introduction of 
modern machinery and methods to the inland telegraph 
service of Great Britain. The developments referred 
to in that paper have had a far-reaching effect on the 
service and have been themselves an unqualified success. 
The main features of the changes were the standardiza¬ 
tion of the teleprinter for telegraph circuits and the 
concentration under specially-trained staff of all sub¬ 
sidiary and testing apparatus on racks segregated from 
the instrument room. Economies in staff and in space, 
together with increased stability of apparatus, resulted 
from these changes, but the network of cables and over¬ 
head lines remained unchanged. 

It had been clear to engineers in recent yearsf that the 
use of underground cables solely for direct-current tele¬ 
graphy was wasteful, and that modern developments in 
amplifiers and filters could be applied to enable the full 
frequency range of such circuits to be used. 

In 1929 the Comit6 Consultatif International Tele- 
graphique standardized the speed of the teleprinter, and 
on that basis in May, 1931, the spacing of the carrier 
frequencies to be used for voice-frequency telegraph 
working was also standardized.t In November*, 1931, 
the Post Office installed and operated a London-Dundee 
12-channel system which had been developed and manu¬ 
factured in Great Britain and which met completely the 
requirements of the C.C.I.T. (.4uis Nos. 511 and 516).§ 
This 12-channel system was followed in September, 1932, 
by the installation of a London-Glasgow-Belfast 18- 
channel system. The experience gained with these 
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See Bibliography, (1). 
t Ibid., (13). 


t Ibid., (3) and (4), 
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Fig. 1.—Number and type of telegraph conductors released for telephone service. 


systems was such as to coufirm the anticipated reUabili^ oi 

and economy of this system of working, and the complete o run c ■* p ^ ^ technical anrl 

unification of the telephone and telegraph cable net- tion and ScSdt January, 1933, 

works was clearly possible. In 1932 the introduction economic advantages it was decide J 
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utilise for telephone purplrtTe tl^Sh cabled Tc ™ T“'’, December, 1933, 

thrown idle.=>= ^ P ^ telegraph cables so 504 channels had been installed; this number increased 

to 684 in December, 1934. and was added to from time 



E'lg. 2. Multi-channel voice-frequency telegraph network. 
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tioxi that had taken place in the telegraph seivice, and 
by 1934 hardly an item of traditional telegraph plant 
remained in the inland sei'vice. Concurrently with these 
important changes the private teleprinter services which 
had been introduced in 1932 and which were referred 
to by Mr. Smith at the time of their introduction, have 
also prospered. In particular, the simplex point-to- 
point teleprinter service (tariff A), which includes 
provision and maintenance of the teleprinters, has been 
very successful.* Thei’e are now more than 300 such 
circuits, and they produce a substantial revenue. 

Cable companies, news agencies, and newspapers, make 
considerable use of duplex point-to-point circuits for 
speeds up to 100 words per minute Wheatstone, or the 
equivalent. These circuits (tariff B) are provided 
almost entirely by means of voice-frequency channels, 
and it is of interest to note that such important circuits 
as direct extensions of Atlantic cables are numbered 
among them. Some 58 full-time and 22 part-time 
circuits of this t37pe are in operation. 

Numerous privately-rented circuits remain on jrhysical 
circuits where these are still available and where the 
renters have special requirements or use speeds greater 
than 100 words per minute Wheatstone. An increasing 
number of newspaper companies now rent telephone 
circuits on which they provide or rent equipment for 
alternative speech or pictures and multi-channel voice- 
frequency telegraphy. 

A system of terminating public teleprinter circuits has 
also been introduced which gives “ ancillary ” facilities 
at head offices to improve operating conditions.t 

The telex service giving the alternative of teleprinter 
worlcing to speech over the telephone network, as dis¬ 
tinct from a separate teleprinter exchange system without 
the alternative of speech, has also progressed. One of 
the features of this service is the “ printergram,” which 
enables telex subscribers to transmit and receive their 
traffic for the inland service direct from their premises 
to the " printergram ” positions in the telegraph office. 
This service now deals with 20 000 telegrams per week 
in London alone. 

Some controversy has arisen over the relative merits 
of the two methods of providing subscribers' teleprinter 
exchange services. While it is agreed that it is a 
relatively simple matter to provide separate line plant 
and switches to give a service connecting stations within 
a limited radius of main centres, it is considered that the 
telex system has great advantages if a cheap universal 
system is to be the ultimate aim, with the teleprinter 
as a mere accessory of the telephone. Important 
influences affecting the question are the ruling telephone 
trunk rates and the difficulty of obtaining a good grade 
of service in the early stages of a separate network. 

It may well be that a composite system in which 
telephone exchange lines or separate telegraph channels 
are used according to the locality and traffic requirements 
of the subscribers would be ultimately desirable as 
combining the advantages of both methods. 

One of the latest developments of the private tele¬ 
printer services has been the introduction of broadcast 
systems,J In these, facilities are provided and main- 

* See Bibliography, (48). t (4:9)> for full description. 

t Ibid., (28). 


tained by which a central office of a renter can transmit 
simultaneously to any reasonable number of out- 
stations or separately, as required, up to the limit of the 
number of machines provided at the central office. 
These systems are finding considerable favour with 
police services and with news agencies. 

It should be mentioned, perhaps, that there is con¬ 
siderable evidence to indicate that in many instances 
the traffic carried by these new teleprinter services was 
previously forwarded by post, and the increased revenue 
arising from these circuits is not offset very appreciably, 
therefore, by decreased telephone and telegraph revenue. 
From the renters' point of view the speeding-up of 
business achieved by substituting teleprinter communica¬ 
tion for typewriter communications by post is in itself 
justification for the moderate expenditure entailed. 

(2) FUNDAMENTAL CHARACTERISTICS OF 
TELEGRAPH TRANSMISSION 

(a) Methods of Defining Telegraph Speed, 
Distortion, and Margin 

The electrical communication of intelligence over a 
transmission link is achieved in normal telegraphy by 
using an arbitrary time code to represent letters, figures, 
and signs. Transmission is accomplished by effecting 
a series of changes in the electrical conditions at the 
sending end, the signals being characterized by specific 
time-intervals between successive changes in accordance 
with the code used. At the receiving end, transmission 
is completed by the recognition of these time-intervals 
by the receiver, thereby enabling the characters to 
be recorded.* 

In the proceedings of the C.C.I.T. the operations per¬ 
formed at the transmitter have been given the name 
“telegraph modulation"; the instants at wliich the 
characteristic changes occur are called “ characteristic 
instants of the modulation,” and the intervals between 
these instants “ elements of modulation ” {Avis No. 301: 
“ Definitions Relative to Telegraph Transmission ").t 

The electrical transmission wave is therefore charac¬ 
terized by changes in amplitude which at the origin are 
effectively instantaneous but which lose their sudden 
character during propagation through the line and 
terminal equipments. On this account the recognition, 
at the receiving end, of the original time-intervals may 
be a matter of some difficulty and it is usual to restore 
the abrupt nature of the changes by means of some form 
of relay. The latter should have the property of pro¬ 
ducing locally, instantaneous electrical or mechanical 
changes at instants corresponding to those at which the 
amplitude of the received wave is equal to some pre¬ 
determined value. In general, changes in amplitude 
of the transmitted wave are accomplished and accom¬ 
panied by transient effects. If these are of shorter 
duration than the shortest element of modulation the 
signals will be unaffected by previous signals under all 
conditions. Assuming this to be so, then in the absence 
of external disturbing influence the response of the 
system to a modulation will always be the same and the 
instantaneous changes produced by a perfect relay will 
always occur with a constant delay after the correspond- 

* See Bibliography, (10), (11), and (12). t Ibid., (6). 
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ing operation at the origin of transmission. Under these 
circumstances the received signals would be in exact 
accordance with the operation of the transmitter and the 
system would be telegraphically distortionless. Actually, 
distortionless transmission is still obtainable when the 
duration of the ti'ansients exceeds the shortest modula¬ 
tion element, it only being necessary that transients due 
to one modulation shall have died away before the 
receiving relay operates in response to the next following 
modulation. This requirement sets a theoretical maxi¬ 
mum transient time equal to twice the duration of the 
shortest modulation element. In practice such per¬ 
fection is neither obtainable nor essential, but in all 
systems there is some limit to the permissible departure 
of the received signals from perfect agreement with those 
at the origin. 

Telegraph speed. 

The degree of imperfection is to a large extent depen¬ 
dent upon the relation between the duration of the 
transient effects and that of the shortest element of 
modulation. These two factors are therefore of primary 
importance in telegraph transmission, since the maximum 
rate at which information may be passed over a channel 
is inversely proportional to the duration of the shortest 
element of modulation. These facts have led to the 
use of the shortest element of modulation as the basis 
for the numerical expression of telegraph speed, which is 
defined as the inverse of the duration (expressed in 
seconds) of the shortest element of modulation. The 
unit of telegraph speed therefore corresponds to one 
minimum element per second and is called the " baud.” 
This definition is readily applicable to VV^heatstone, 
Baudot, and normal teleprinter systems, and can prob¬ 
ably be made to apply to all telegraph systems, provided 
due care is taken in any particular case to determine the 
appropriate meaning of the phrase " shortest element 
of modulation.” 

Telegraphic distortion. 

The process of reproducing the characteristic instants 
of modulation at the receiving end by means of some 
form of relay has been given the name " restitution of 
modulation,” while the time-interval between an instant 
of modulation and the corresponding instant of restitution 
is called the “restitution delay.” As already stated, 
a telegraph circuit having a constant restitution delay 
is telegraphically distortionless, but in practice these 
delays may vary appreciably from one instant to another. 
With excessive deviation from constancy the correct 
interpretation of the received signals is either impossible 
or involves unduly meticulous adjustments. Numeri¬ 
cally, the degree of distortion of the reproduced signals 
is expressed as the ratio of the differences observed 
between the restitution delays to the duration of the 
shortest modulation element. In practice it is usual to 
refer only to the greatest of these differences. 

It will be seen that this definition refers to a complete 
telegraphic link which may be of utmost simplicity 
(e.g. a relay itself) or may be a complex system of trans¬ 
mission paths and apparatus. In either case it refers 
only to a particular set of conditions at the origin and the 
consequent conditions at the input and the output of 
each subsequent path or piece of apparatus comprising 


the system. As long as this is remembered, the definition 
has a useful practical meaning and is therefore becoming 
widely used. The C.C.I.T. has also given definitions 
for the distortion of a receiver and of a transmission path 
itself, but it is considered that these are less satisfactor}'- 
in practical interpretation since the definition of dis¬ 
tortion is such that it can only be applied to a complete 
telegraph link including specific modulating and de¬ 
modulating components. 

It has been found convenient to classify distortion as 
follows:— 

(i) Characteristic. —Distortion occurring consistently 

with any given series or combination of signal 
elements. 

(ii) Fortuitous. —Distortion due to irregularities in any 

part of the circuit or apparatus. 

(iii) Bias. —Distortion due to either the marking or the 

spacing elements of the signals being lengthened 
owing to asymmetry in the transmitting or 
receiving apparatus. 

Margin of receiving apparatus. 

The margin of a telegraph receiver is measured as the 
maximum distortion which may occur on any or all the 
signals which may be applied to it, compatible with 
perfect registration of all the symbols for which it is 
designed. Margin has been classified as follows: The 
“ theoretical ” margin is the margin calculated in 
accordance with the constructional data of the mechanism, 
assuming perfect conditions. The “ effective ” margin 
is the margin actually measured on the apparatus. 
The nominal ” margin is the minimum allowable value 
of the effective margin of machines in standard adjust¬ 
ment {Avis No. 302).* 

Transmitted telegraph signals may be imperfect at 
their origin owing to transmitter distortion. This can 
be measured and given a numerical value as a ratio, in 
the same way as is done for telegraph distortion generally, 
by comparing the actual instants of modulation with 
those which would occur with perfect signals. 

These definitions and terminology, together with the 
development of apparatus for measuring the quantities 
defined, have resulted from the desire on the part of 
engineers to put telegraph practice on a sound scientific 
basis. A large measure of success has been obtained, 
and apart from research and testing work the measure¬ 
ment of channel distortion and teleprinter margin is now 
a matter of routine in the maintenance of the inland 
telegraph service.! 

(b) Transmission Characteristics of Telegraph 
Systems as affected by Operating Requirements 

The rate of operation of a telegraph channel may be 
defined as the rate at which information is passed over 
the channel. This is usually expressed in words per 
minute, each word for this purpose being taken as con¬ 
sisting of five letters and one spacing signal. In ordinary 
telegraphy in which the letters, for the purpose of trans¬ 
mission, are i-epresented by trains of impulses according 
to a predetermined code, the communication link has 

* See Bibliography, (6). 

t The whole of the remarks and definitions in this section of the paper refer to 
the normal forms of telegraphy, making use of progressive codes. Where fre¬ 
quency, and not time, is the basis of discrimination, the foregoing definitions 
are not necessarily applicable. 
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to be designed to permit transmission at a speed con¬ 
sistent with the rate at which it is desired to operate the 
channel. The lower the transmission speed the simpler 
the line requirements and the narrower the frequency 
band required, and therefore the signalling code should 
be such as to be as economical as possible in this respect. 
Table 1 illustrates the relative efficiencies of various 
systems of telegraphy from this point of view, for plain 
English. 

At one end of the scale is cable code, a 3-position code 
developed for working on long transoceanic cables, and 
at the other picture telegraphy, whereby a facsimile 
reproduction of the original matter is obtainable. Inter¬ 
mediate is the Siemens-Hell writer,* a form of picture 
telegraphy in which greater reliability is secured on 
radio links subject to disturbances, at the expense of a 
great increase in the baud speed. 

It is of interest to note the connection between speed, 
accuracy, and the nature of the code used. Maximum 


Table 1 


System 

Transmission speed for a signalling 
speed of 1 cliaracter per sec. (bauds) 

Cable code 

3-3 

Multiplex (5-unit code).. 

5 to 6 (depending on method 
of speed correction) 

Teleprinter (start-stop).. 

7 or 7 ■ 5 

Hughes .. .. 

7 • 6 

American morse 

7*7 

International morse 

8-6 

Siemens-Hell writer 

100 

Picture telegraphy 

100 to 300 


speed is obtained when the number of combinations 
which it is possible to transmit is restricted to the normal 
alphabet. Thus with 5-unit systems the possible com¬ 
binations are limited to 32. ’With the Siemens—Hell 
system the number of combinations which can be 
effectively drawn by the receiver must be many hun¬ 
dreds, but since use is only made of those having 
alphabetical significance the system must be somewhat 
wasteful of line time (or band width). In the case of 
picture telegraphy the number of possible combinations 
that can be transmitted is practically infinite, and to use 
such a method for transmitting merely a limited number 
of alphabetical signs is essentially wasteful so far as line 
time (or band width) is concerned. If, instead of speed, 
accuracy is considered, the order of merit of the above 
systems is reversed. Thus an incorrect element in the 
case of 6-unit code alters the printed character 
one letter of the alphabet to another. In the case of the 
Siemens-Hell system a mere irregularity results which 
does not render the character illegible. In the case of 
picture telegraphy an incorrect element might well 
pass unnoticed. 

Considerations of operating and engineering economics 
have led to the standardization of teleprinter working 
in the British inland service. A speed of 50 bauds has 
been fixed as standard by the C.C.I.T. for teleprinter 
communications No. 661),t and this is equivalent 

• See Biblio"rapIiy, (33). ^ Ibid., (6). 


to a maximum possible output of 71*6 words per minute 
for 7-unit working and 66 • 6 words per minute for 
7|-unit worldng. Experience has shown that little is 
to be gained in the way of a sustained increase in operator 
output by an increase of the maximum output of the 
machine much above 60 words per minute. From the 
point of view of operator output, therefore, the teleprinter 
working at 60 bauds satisfies requirements, and although 
it is not quite so efficient in ratio of words per minute to 
bauds as some systems this disadvantage is outweighed 
by its relative simplicity and feature of direct instrument- 
to-instrument communication. 

Although the economic use of line time is important, 
it is secondary to economic operating, and at present the 
tendency is to obtain operating economies by increased 
expenditure on plant. This tendency is likely to con¬ 
tinue as technical developments become available for 
telegraphic application. The present interest in wide¬ 
band cables and television, for example, may lead 
ultimately to high-speed automatic facsimile methods 
being introduced in which, on heavily-loaded routes, 
the elimination of operating would more than repay the 
high cost of apparatus and the inefficient use of band 
width which such a method would entail. 

(c) Transmission Characteristics of Telegraph 

Apparatus 

The transmission characteristics of the telegraph 
apparatus itself, as distinct from those of the telegraph 
system, are related to the formation of the signals at the 
transmitter, their repetition at repeaters, and the 
translation of the signals into printed characters at 
the receiver. 

Transmitters. 

A telegraph transmitter in general consists of a 
mechanical means for producing the characteristic 
modulations of the telegraph transmission. An ideal 
transmitter would perform these modulations instan¬ 
taneously and at the exact instants required by the code. 
The performance of a transmitter is measured by the 
degree to wffiich it approaches this ideal. 

In teleprinters the movements of the transrmtting 
contacts are controlled by rotating cams. Such cams 
are cut to a high degree of precision, and the time dis¬ 
placement of any instant of modulation from its proper 
position, due to inaccuracies in the cams or co-acting 
parts, does not usually exceed 6 per cent of the shortest 
modulation element. M/ear or maladjustment may, 
however, result in irregular distortion. The methods in 
use in the British Post Office for checking the per¬ 
formance of transmitters in respect of the foregoing 
points are dealt with later. 

The timing of the modulations performed by a trans¬ 
mitter is also affected by the speed at which it is being 
driven. Variable speed wiU result in irregular distortion. 
All printing telegraph systems, however, include means 
Iqj- preventing or limiting cumulative distortion due to 
incorrect speed. In teleprinters the driving motor is 
governed to an accuracy of rh O'® cent of a given 
speed, and, while normally the speed difference between 
machines is not ggeater than 1 per cent, satisfactory 
working is usually possible with appreciably greater 
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speed-diiferences. A speed error of 1 per cent cor¬ 
responds to 6 per cent distortion of the modulation 
corresponding to the commencement of the stop signal. 

Receivers. 

All telegraph receivers are adapted to permit a certain 
amount of distortion in the received signals. As already 
stated, the limiting value for this distortion is termed 
the margin ” of the receiver. The margin is, in the 
first place, governed hy the duration of the discriminating 
period when the receiving mechanism tests the polarity 
of the incoming signal. In most teleprinters the dis¬ 
crimination is performed mechanically, but it may be 
performed electrically. Whether performed mechanically 
or electrically, the period required for discrimination 
can be as short as 2 milliseconds. Any reduction below 
this value will have an inappreciable effect on the 
practical margin of the machine. A discrimination 
period of 2 milliseconds gives a theoretical margin at 
50 bauds of 45 per cent, while a reduction of the dis¬ 
crimination period to 1 millisecond would only increase 
this to 47'6 per cent. The theoretical margin is inevi¬ 
tably reduced by reason of small inaccuracies in manu¬ 
facture, wear of moving parts, irregularities in the 
operation of the electromagnet and start-stop clutch, and 
speed fluctuations. The value fixed by the C.C.I T for 
practical purposes is 35 per cent [Avis No. 331).* 

Incorrect speed will result in a reduction of margin 
a speed error of 1 per cent being equivalent to a loss of 
margin of approximately 5-5 per cent on the fifth 
code element. 

One of the new questions proposed in 1934 by the 
C.C.I.T. for study was the relation between the effective 
margin of a machine and the text distortion with which, 
it will operate satisfactorily. In tests on voice-frequency 
multi-channel equipment it has invariably been found 
that a machine having a certain margin, measured by 
varying the instants of modulation with respect to the 
start signal, will operate without error on a circuit 
having the same figure of distortion, in spite of normal 
transmitter distoidion and speed difference. This 
apparent discrepancy can, however, be shown to be due 
entirely to the differing conditions of testing and operating 
and to the general nature of the C.C.I.T, definition of 
drstortion. The C.C.I.T. definition gives a measure of 
the efficiency of a telegraph circuit without specific 
reference to the instruments with which it is used, and 
therefore tabes no account of the special conditions 
to the start signal of a teleprinter, which is 
preceded by a stop signal at least 1| units in length 
The margin of the machine is measured by the maximuni 
distortion on any element which will not cause a wrong 
selection, irrespective of the position of the element and 
the conditrons of the preceding elements. It is frequently 
rmpossible, and, in any case, extremely unlikely, that the 
maximum distortion will occur on that element on 
which, under the same conditions, the permissible dis¬ 
tortion^ is a minimum. On keyboard operation the 
limitations of the C.C.I.T. definition are even more 
apparent, and therefore measurements made in accor- 
dance with the definition result in a pessimistic estimate 
of the overall margin of the channel. 

Ser Bibliography, (6). 


The above does not detract from the practical utility 
of margin measurements of machines or of distortion 
measurements of circuits. These measurements in 
themselves ensure separately, correct adjustment of 
machines and circuits, and the present difficulty of 
exact correlation is, in practice, of only secondary 
importance. 

Detailed examination of the margin characteristics of 
various types of telegraph apparatus have been made, 
and a number of references to this subject will be found 
in the .Bibliography.* 

Regenerative repeaters. 

Oldinary telegraph repeaters are well known and do 
not call for special comment. A regenerative repeater 
consists essentially of a telegraph receiver which, instead 
o ^ using the translation to print a character, uses it to 
initiate a new transmission of the telegraph signal, 
devoid of distortion. A receiving perforator and auto¬ 
matic transmitter can therefore be used together as a 
regenerator. The aim in regenerative repeaters has 
been to reduce the translation and re-transmission 
operations to the utmost possible simplicity. A 
regenerator required to work on a teleprinter circuit will 
naturally operate ^ on the start-stop principle, and 
broadly its transmission characteristics will be similar 
to those of a teleprinter receiver and transmitter. In 
one form of start-stop regenerative repeater,! in whichi 
the translation of the received signals is performed 
electrically by arranging for the discrimination device 
to control the grid of a thermionic valve, an almost 
instantaneous discriminating period is possible, enabling 
the maximum amount of receiving margin to be obtained 
Errors of speed affect the margin and output distortion 
of start-stop regenerative repeaters in a similar manner to 
that^ described for teleprinters, but there is, however, one 
special case which requires mention. This occurs when 
the regenerative repeater is running slower than the 
sending transmitter. This causes the rest period between 
letters on the repeater to be shortened, so that the dura¬ 
tion of the stop signal sent out is reduced. With 7-unit 
sending from an automatic transmitter, the stop signal 
IS only one unit, and a reduction of its length due to 
peed difference might cause faults in the transmission 
by reason of the greater distortion the shortened stop 
signal would suffer in transmission over the next repeater 
section. The shortest-length stop signal which the 
regenerator can send under the most unfavourable con¬ 
ations is governed by the speed of rotation of the 
translator shaft. In teleprinters working on the 7-unit 
system the receiving shaft usually completes a revolution 
m 6* 5 units. In the case of the regenerator mentioned, 
the time of a revolution is increased to G - 8 units, so that 
the sprtest possible stop signal is equal to 0 - 8 of a unit 
signal. With 6-8-unit reception the maximum permis¬ 
sible speed-difference is 3 per cent, allowing for 2 per cent 
p the teleprinter and 1 per cent on the regenerator It 
has been suggested to arrange that the transmitter of the 
mgenerator is automatically speeded up when receiving 
^ teleprinter, in order to prevent mutilation 
signal. This involves some complication 
of the repeater, and the difficulty can be entirely avoided 

* See Bibliogmphy, (4), (32), and (34). + r,. 
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the other winding of which is connected to the " go ” 
side of the 4-wire cable circuit. At the receiving end, 
similar but double-section filters are commoned to the 
line transformer, the outputs of which are taken to the 
respective amplifier-rectifier panels via a potentiometer 
calibrated in decibels. The amplifier-rectifier is so 
designed that for all input levels above that required to 
cause grid current to flow in the rectifying valve the bias 
of the amplifier valve and its gain are automatically 
adjusted to compensate for variations in the level of the 
incoming signal. This characteristic is important as it 
ensures that the telegraphic distortion will not change 
with ordinary changes in line level, and even with big 
changes in level will not exceed workable limits. As a 
result of this method of providing automatic regulation 
it is preferable that the idle condition of the channels 



Bias 

Fig. 3.—Schematic diagram of a voice-frequency send and receive channel. 

The 18 frequencies used are the odd multiples of 
60 cycles from 420 to 2 460 cycles. These are generated 
by a multi-frequency machine, driven by a motor fitted 
with a centrifugal governor which regulates the field 
current and controls the speed to within ±0-25 per cent. 

The output is permanently adjusted to 1 volt for each 
frequency, and ten 18-channel systems can be fed from 
one machine. The generators are provided in pairs, 
one working and one reserve, and in addition emergency 
reserve machines are held at the London and Glasgow 
centres. 

A schematic circuit diagram is shown in Fig. 3. At 
the input to the sending filters are resistance coils by 
means of which the output to line may be adjusted. The 
outputs of the 18 single-section " send ” filters are 
commoned to the apparatus side of the line transformer, 

* See Bibliography, (6), t Ibid., (2), (16), and (17). 


should correspond to the continuous transmission of 
tone and that the signals should consist merely of 
interruptions in this tone. This arrangement has the 
added advantage that the best running condition of the 
valves is obtained and also that an interruption to the 
4-wire circuit is made immediately obvious by the racing 
of the teleprinters and by the continuous operation of the 
calling lamps and bells on the speaker channels. 

(b) Line Conditions 

The circuits normally used for multi-channel tele¬ 
graphy are identical with zero-loss 4-wire telephone 
circuits except that the echo-suppressors and the 4-wire 
terminations are disconnected and the two sides of the 
circuit completely separated so that the same 18 fre¬ 
quencies can be used in both send and receive sides. 
The line levels for working on zero circuits are shown in 


by using 7 • 6-unit transmission as is done in Great 
Britain. With this point in mind, the C.C.I.T, in 1934 
recommended that the duration of the stop signal could 
be either 1 or 1-6 units {Avis No. 651).* 

(3) APPLICATION OF VOICE-FREQUENCY 
METHODS TO SERVICE REQUIREMENTS 

(a) Voice-Frequency System 
Practically the whole of the inter-urban telegraph 
network has been converted from direct-current to 
alternating-current transmission using multi-channel 
voice-frequency equipment. Details of the voice- 
frequency apparatus used to build up this network have 
already been published,! and it is therefore proposed in 
this paper to give only the essential outlines of the system. 
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Fig. 4. The particular line arrangements shown are not 
essential, as 4-wire circuits with an overall attenuation 
up to 16 db can be operated; for example, in the case of 
the London-Brighton systems non-repeatered circuits 
of 6'6 db are used. The advantage of using zero trunk 
telephone circuits lies in the ease with which replace¬ 
ments can be made in the event of interruption of the 
working circuit. The organization is such that the 
average time taken for the change is 8 minutes. 

(c) Power Supplies 

The supplies necessary for voice-frequency equipment, 
apart from all-mains sets, are the usual 24-volt and 


(d) Maintenance 

The maintenance of the voice-frequency network is 
carried out by normal repeater-station staff, who, it has 
been found, soon become familiar with the apparatus. 
Channels are tested at present at 3-weekly intervals, one 
channel per system being tested each day to ensure a 
daily watch on the level of the 4-wire circuits. Engineer¬ 
ing speaker circuits (teleprinter) are provided between 
important centres to ensure close co-operation in testing. 

In the case of the public telegraph circuits, channels 
are only handed over by the commercial staff for 
engineering attention after it has been proved as far as 
is possible by teleprinter tests that it is the channel 



To SlTi. Z 


Fig. 4.—Four-wire circuit and line levels. 

Arbitrary telegraph level chosen = 10 microwatts per channel at a point in the circuit equivalent to telephone zero. 


130-volt repeater-station supplies for filaments and 
anodes respectively, and in addition a ± 80-volt tele¬ 
graph supply. The 24-volt supply for the multi-frequency 
generator motor may be separately fed from a motor- 
generator set or from rectifiers, but the common field of 
the stator of the generator must be fed from the filament 
battery. The 80-volt telegraph supply can be taken 
from existing telegraph batteries when conveniently 
situated, or, as is more generally the case, from a motor- 
generator set with the two 80-volt generators and motor 
on the one shaft. 

It should be mentioned that a great deal of progress 
has been made towards the standardization of ± 80 volts 
for all telegraph purposes and the elimination of ± 24, 
40, and ±120 volts, which were employed for 
local- and main-line batteries under the former d.c. 
conditions. 


itself and not' a terminal teleprinter that is at fault. 
The present average duration of interruptions of com¬ 
mercial circuits due to causes attributed in any way to 
the voice-frequency system is between 4 and 6 minutes 
per week per channel. In the case of private-wire 
renters, the renters report faults by telephone directly 
to the voice-frequency terminal. 

A relay test table is provided at all centres, and also 
in all but the smallest centres a test bay is included 
which embodies line and filter testing panels as well as 
a telegraph distortion measuring set. 

In Fig. 6 the installation progress of the voice-frequency 
network is shown from June, 1932, when only one system 
between London and Dundee existed, to the present time. 
Several further systems extending to Scotland and Belfast 
were installed from time to time, and at the beginning of 
May, 1933, the conversion of the whole of the northern 
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telegraph system was commenced. This conversion was 
carried out in 13 months, and has been supplemented 
steadily since then to meet private-wire and increased 
traffic requirements and to provide uniformity in the 
method of working to the smaller towns. Fig. 5 shows 
also the improvement obtained in apparatus-fault 
liability and in maintenance labour costs. 

In making the preliminary financial examination of 
the scheme for the complete transfer of the telegraph 
system to voicc-frequency working the estimated 
engineering maintenance labour costs per channel were 
cut, as it was thought, to the bare minimum, and it is 
all the more gratifying, therefore, to find that these costs 
have now fallen 20 per-cent below the estimated figures 
and 40 per cent below the costs for January, 1934. 

Further reduction is anticipated as the staff become 
still more familiar with the system, and experience 
enables improvements to be made in methods and in 
apparatus. 

(e) Commercial Facilities 

As far as possible the voice-frequency telegraph net¬ 
work has been built up to enable teleprinter circuits to 
be made up readily for any of the public or private wire 
services without regard to the position of, or distance 
between, the terminal towns. One of the outstanding 
advantages of a standardized voice-frequency network 
is that all channels are identical and can be connected 
together without previous preparation to provide any 
desired routing. The direct-current ends of the channels 
are all terminated on the control boards in the telegraph 
instrument rooms for this purpose. On the major 
routes ,a speaker channel is provided for communicating 
between the supervising staffs at the more important 
instrument rooms to facilitate testing and “special 
event " work. The ease with which the large amount 
of special-event work can be carried out on the new 


system is remarkable. Some of these temporary 
a^angements are veiy extensive; for example. Fig. 6 
gives the circuits required for the Doncaster Race 
Meeting. The arrangements frequently include “ omni¬ 
bus circuits by which, for example, messages trans¬ 
mitted fi'om one teleprinter are received simultaneously 



Fig. 6.-—Special-event network for Doncaster Race Meeting. 

a Indicates combiner unit. 

□ Indicates teleprinter. 


on teleprinters situated at Leeds, London, Manchester, 
and Glasgow. ^ In such cases " combiner units ” are 
plugged into circuit at the appropriate control boards. 
These units operate on the principle shown in Fig. 7, 
and ^ have proved a very successful solution of the 
omnibus-circuit problem. The four operating windings 
of this unit are connected to the " receive " sides of the 
channels forming the omnibus circuit, and signals in 
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any one of these channels result in their retransmission 
from the contact of the unit over all the “ send ” sides 
of the channels in parallel. In order to maintain overall 
neutrality of the relay when less than four circuits are 
required it is arranged that the equivalent current for 
each unused winding is obtained from the inner springs 
of the jacks used for making up the circuit. 

Complete facilities am provided by means of transfer 
circuits betw^een the control boards and the concentrator 
for connecting any voice-frequency channel to any 
teleprinter position in the instrument room, or alterna¬ 
tively to any physical line circuit via appropriate panel- 
mounted relay or balancing equipment. 

Adjacent to the control board, test and observation 
positions ai'e provided, and also synchroscopes for 
checking the speed of either the local or the distant 


intricate netv/ork, such as that of the British Isles, lead 
to very complicated and non-flexible filtering arrange¬ 
ments. Under cable-breakdown conditions it is a 
tremendous advantage to be able to couple channels from 
one system to another, irrespective of their frequencies. 
The balance of advantage would probably, however, be 
with the filtering method in certain simple cases, such as, 
for example, on a very long and important international 
circuit in which end-to-end channels between capitals 
were required in addition to channels from these ends 
to an intermediate capital. Such channels might be 
required to form parts of still longer circuits, and the 
small constant distortion introduced by the filters might 
well be preferable to the additional relays that would 
be in [circuit and under third-party maintenance if 
separate systems with relay coupling were adopted. 
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Fig. 7.— Circuit diagram of combiner unit connected, to three voice-frequency channels and one extension. 


teleprinter motors. The test and observation positions 
consist of small steel-frame tables carrying a teleprinter 
and a panel fitted with milliammeters and keys. The 
tables are wired to test jacks on the voice-frequency 
control board and can be connected with plugs and cords 
to any channel without interrupting the service on that 
channel. According to the position of the keys the 
signals passing on either the send or the receive sides of 
the channel can be observed, or the circuits can be 
terminated at the test position and operated to the near 
of to the distant teleprinter. 

It will be seen from the foregoing that through circuits 
are provided by the coupling of channels at the voice- 
frequency control boards, which, in effect, connect the 
send and receive relays of the channel on one route to the 
receive and send relays respectively of the channel on 
a second route. Theoretically it would be possible to 
design a network in which all coupling of channels could 
be carried out by means of filters. Such a scheme would 
have the advantage that relays would be unnecessary 
at the intermediate stations but would, in the case of an 


(f) Effect of Linking Channels on the Overall 
Distortion of a Telegraph Circuit 

This problem has received a considerable amount of 
attention during the past few years. The C.C.I.T. has 
had to consider the question in regard to international 
circuits, and of course the question is one of first im¬ 
portance in the consideration of switched telegraph 
systems. 

The C.C.I.T. has laid down {Avis No. 331)* that the 
total distortion of a telegraph circuit must not exceed 
28 per cent and that the distortion of each link in the 
circuit should not exceed 10 per cent when measured as 
a separate circuit. The study of the subject is being 
continued, but so far the theoretical examination is not 
of material value compared with the knowledge and 
experience which have been gained in the field. 

In Great Britain the interest in the question relates 
chiefl.y to the linking of channels of the voice-frequency 
network. Much information has been acquired on this 

* See Bibliography, (6). 
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particular aspect of the subject, but it must be remem¬ 
bered that the results apply only to the particular design 
of system which has been standardized in this country 
and not to voice-frequency systems generally. If on this 
system the overall distortion of a considerable number of 
circuits consisting of one, two, three, etc., channels 
linked together be measured and an average taken for 
each number of links, these average figures will be 
approximately additive. If, on the other hand, single 



Text distortion^ per cent 


Fig. 8.—Effect on overall distortion of linking voice-fre¬ 
quency channels. Speed: 30 bauds. 

Height of pillar represents number of tests made. 


more than 26 per cent on any of the following signals: 
reversals, half-speed reversals, signals in the ratio of 
1 to 5, and^ Paris in morse; the last two tests being 
repeated with the transmitting battery reversed. In 
practice the “ Paris ” and " Paris ” inverted signals are 
found to be the best criterion of the channel from the 
point of view of teleprinter working, and as experience 
has shown that the 4-wire circuit level variations never 
approach the acceptance test figures it will be seen that 



Text distortlon,percent 


ig. 9.—-Effect on overall distortion of linking voice-fre¬ 
quency channels. Speed: 50 bauds. 

Height of pillar represents number of tests made. 


examples are taken so that the separate distortions of 
a number of particular channels are first measured 
and then the overall distortion of them all linked, it will 
be found that the result will seldom agree with the 
arithmetic sum of the separate distortions. 

1 his apparent discrepancy in the case of particular 
channels is of importance only in relation to the design 
and adjustment of systems.. Design and adjustment 
having once been standardized, it is the number that can 
safely or economically be linked together at random that 
is important. 

The acceptance tests of the equipment demand that 
the maximum distortion at 66 bauds and with a ^ 7 • 6-db 
variation in the level of the 4-wire circuit shall not be 


these tests are essentially tests to prove and maintain 
the quality of new installations and have to be inter¬ 
preted to gauge the performance of the equipment under 
practical conditions. It has been found that equipments 
conforming to the acceptance tests invariably give a 
satisfactory practical performance and are consistent 
one with another. 

The approximate additive nature of average overall 
distortion on linked channels is shown in Figs. 8 to 11 
for speeds of 30, 60, 66, and 80 bauds, respectively. 
The height of the pillars in these diagrams represents the 
number of separate tests made of the overall distortion, 
using the word ” Paris ” as the test text. The channels 
tested were taken at random over a long period by 
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vaxious observers from many different 12- and 18-channel 
systems under normal working conditions of line and 
apparatus. 

In practice, 100 words per minute Wheatstone is 
regarded as the maximum commercial speed for a single¬ 
channel circuit. This figure allows a margin for con¬ 
tingencies and is reduced to 90 words per minute for two 
linked channels. Many such circuits are operated by 
private companies and are giving satisfactory service at 



Fig. 10.—Effect on overall distortion of linking voice- 
frequency channels. Speed; 66 bauds. 

Height of pillar represents ntunber of tests made. 

these speeds, the performance being in agreement with 
the distortion test results of Fig. 11 (80 bauds). 

In order to determine the limits of channel linking 
foi teleprinter working with normal conditions of channels 
and of teleprinters much experience and exhaustive 
tests ^ are necessary. Brief tests made under good 
conditions may give extraordinary results such as good 
songs ” with 12 or more links, but exhaustive tests 
with all combinations of signals, fast keyboard opera¬ 
tion, and allowable teleprinter-motor speed-differences, 
indicate that such results are not consistent enough to 
be commercial. 

It has been found by both engineering and traffic tests 
that, taking channels at random and machines at 


random, seven channels may invariably be linked and 
produce satisfactory results. Even so, there are other 
considerations which must be taken into account in 
providing circuits with an appreciable number of linked 
channels. The network of the British Isles is almost 
completely triangulated, i.e. under cable-breakdown or 
other emergency conditions, for example, London-Leeds 
circuits can be provided via Edinburgh or Birmingham 
or Manchester, etc., by coupling the direct-current 
extensions from the channels at the voice-frequency 
control boards in the instrument rooms. Margin must, 
therefore, be left on all circuits to allow for the extra 
channels involved in such re-routing. Again, there must 
be a direct connection between the margin of circuits 
and the maintenance required by machines, and, although 
this aspect is becoming less important as the improved 
testing facilities for speed and margin of teleprinters are 
introduced, it still requires consideration. 

There is also the question of economy; a multi-link 
circuit costs in respect of interest and depreciation of 
capital and maintenance of terminal apparatus an 
amount which is proportional to the number of links, 
and with flat-rate traffic charges this is clearly an 
important consideration. 

Further multi-link circuits become cumbersome to 



Fig. 11.—Effect on overall distortion of linking voice- 
frequency channels. Speed: 80 bauds. 

Height of pillar represents number of tests made. 

handle and must unavoidably suffer stoppages in 
proportion to the number of links thus suffering, in 
comparison with 1- or 2-link circuits. It is well known 
also how the delay in rectifying any trouble seems to 
increase in much more than simple proportion to the 
number of people concerned in that trouble. 

^ In the present network the majority of circuits are 
single-channel circuits, but there are a large number of 
2-channel circuits and a few made up of three channels 
giving perfectly satisfactory service. There would be 
no objections in particular cases to using four links, but 
the general objections to such a number becoming- 
common are those just mentioned. It must be pointed 
out, however, that different standards would exist in 
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the case of international circuits, where a fiat message- 
chai'ge rate would not apply. In this case suitable 
maintenance could be justified economicaily to ensure 
that good commercial circuits without regeneration 
could be made up of five or six links, and also the 
apparatus costs would be relatively unimportant. 

(g) Effect of Line Length on Distortion in a Multi¬ 
channel System 

Tests have been made to examine the effect of the 
attenuation, phase, and non-linear distortion in long 


(h) Valve Receiving Relays and Static Modulators 

In the multi-channel equipment the amplifier-rectifier 
operates a telegraph-type relay which is associated 
with the voice-frequency equipment and works the 
telegraph receiving apparatus over d.c. extensions. 

Consideration has been given from time to time to the 
possibility of replacing the receiving relays by valve 
relays. While, however, suitable valve relays for 
particular purposes have been developed* and give 
complete satisfaction for those iDiii-poses, a satisfactory 
economic general alternative to the electromagnetic 
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Fig. 12,—Effect of 4-wire circuit length on distortion at 30, 50, 66, and 80 bauds. Nine channels tested in each case, 

with " Paris ” and “ Paris ” inverted. 

Dots refer to TS—BM—^TS—DE—TS circuit, 1100 miles. 

Circles refer to TS—DE—TS circuit, DOO miles. 

Crosses refer to TS—BM—TS circuit, 200 miles. 

Triangles refer to 0 miles. 


telephone lines on the telegraph distortion of a multi¬ 
channel system. The diagram in Fig. 12 and the 
results averaged in Table 2* show the telegraph distortion 
measured on a system worldng over distances of 0 to 


Table 2 




Length of circuit (miles) 



0 

200 

900 

1100 


30 

3-6 

3-1 

4-3 

4-1 

Speed j 

60 

6-1 

5-8 

7-2 

4-7 

(bauds) 

66 

8-9 

7-S 

6-6 

10-0 


80 

10-2 

8-4 

12-0 

9-9 


I 100 miles; the last case involving 24 repeaters. It will 
be seen that in practice the effect of the number of 
repeaters and length of line is negligible. 

* The average distortion (per cent) of 9 channels is given in each case. 


relay is not available. Apart from 3-morithly routine 
cleaning and adjustment, receiving relays only require 
attention on an average once in 40 weeks, and it is doubt¬ 
ful whether a valve relay panel fulfilling the requirements 
would require less maintenance. The introduction of 
copper-palladium for contacts instead of platinum-iridium 
resulted in a large decrease in receiving-relay main¬ 
tenance owing to the elimination of the tendency of 
platinum to weld and build up points on the contact 
surface. The introduction of series resistance into the 
leads to the teleprinter also gave a marked improvement: 
from this point of view, by limiting the discharge of the 
condensers associated with the teleprinter electromagnet 
and the normal shunted condenser. 

Contrary to the case of receiving relays, it has been 
definitely established that platinum or platinum-iridium 
contacts are much superior to copper-palladium for 
voice-frequency transmitting relays. In this case tlie 
contacts are called on to short-circuit the voice-frequency 
current at a point where the potential is a small fraction 
of a volt. Trouble which is well known to be associated 
with such conditions shows itself occasionally, par¬ 
ticularly on high-speed circuits, where the incomplete 
See Bibliography, ((U) and (42). 
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suppression of the carrier in the spacing elements, due to 
high contact resistance, is liable to cause biased signals. 

The principle of using a non-linear conductor as a 
variable a.c. impedance by polarizing it with direct 
current, has of recent years received considerable atten¬ 
tion owing to the availability of small copper-oxide 
lectifiers, which make almost ideal elements for the 
purpose. ^ Various ingenious circuit arrangements have 
been devised in connection with telephone transmission,^ 
and in voice-frequency telegraphy similar principles can 
be used to modulate the outgoing voice-frequency cur¬ 
rents instead of using electromagnetic relays. Such 
modulations, when controlled by square d.c. signals, 
produce an instantaneous change in the amplitude of the 
carrier, but, by arranging that the a.c. output is propor¬ 
tional to the d.c. input, the modulator in conjunction 
with a low-pass filter can be made to replace the sending 
relay and the associated band-pass sending filter in a 
multi-channel system. Sending filters are eliminated 
by this means in some systems in use on the Continent! 
and also in the London—Leafield radio keying system. 



Fig. 13.—Schematic diagram of static relay. 

X =* Jack connections to relay base. 


figures which are slightly better v/ith normal or high 
line levels, and considerably better with low line levels, 
than those obtained using good relays. This is due to 
the effect of the transit time of the transmitting contacts 
and to the effect of the quench condensers not being the 
same in the two cases, and the consequent effects on 
the biasing circuits of the receiving equipment. The 
spacing level of the tone sent out is about 34 db below 
the marking level, a figure obtained by using a very high- 
quality transformer. The controlling current requured 
may be from 4 mA or less up to 20 mA, which is the 
maximum figure obtainable on the shortest extension. 

In practice an important advantage of static modula¬ 
tion is that in addition to the elimination of send-relay 
faults (which preponderate in the ratio of 2 or 3 to 1 
as compared with receiving-relay faults) no time is lost, 
when fault-localizing is being carried out, in deciding 
at which of the two ends of the circuit the relay requires 
adjustment. 

(j) Four-channel Duplex System for Minor Routes 

A 4-channel duplex system for extending the voice- 
frequency network to minor routes which may not 
justify the provision of a 12- or 18-channel system has 
been introduced.* This equipment operates on re- 
peatered or non-repeatered 2-wire circuits having an 
attenuation up to 18 db. Each channel transmits to 
line at 100 microwatts. The frequency-spacing is 
240 cycles, the actual frequencies being 420, 660, 900, 
and 1 140 cycles per sec. in the one direction and 1 380, 

1 620, 1 860, and 2 100 cycles per sec. in the other. The 
increased spacing allows filters similar to the sending 
filters of the main-line equipment to be used for both 
sending and receiving. The equipments are made for 
either battery or all-mains supply, and the performance 
of the channels is identical with that of the main-line 
equipment. 


designed by the Post Office for keying radio transmitters 
at Leafield over landlines from London. This .system, 
which also incorporates valve trigger relays at the 
receiving end, has proved advantageous and reliable 
since its installation in 1933.J On the multi-channel 
voice-frequency network, experience has proved that 
static modulators are preferable in every way to electro¬ 
magnetic transmitting relays, and increased stability 
and decreased maintenance costs have resulted from 
their use. The question of elimination of the sending 
filters is of less importance, as the saving involved is 
solely in first cost and is offset by the increased depen¬ 
dence on adjustment of the current conditions on the 
incoming physical extensions. 

In the voice-frequency network, static modulators are 
being increasingly used, the particular arrangement 
being shown in Fig. 13. This type has been designed 
to be interchangeable, both mechanically and elec¬ 
trically, with the ordinary electromagnetic i"elay, so 
that it can be introduced on channels of existing equip¬ 
ment as and when convenient. Apart from the increased 
stability provided, these modulators give distortion 


(k) Super-audio (Supra-acoustic) Systems 
The a.c. telegraph systems previously described 
operate on carrier frequencies lower than about 2 500 
cycles per sec. and use the telephone channel to the 
exclusion of other services. There are in existence, 
however, telephone channels having a pass range ex¬ 
tending above the highest frequency necessary for the 
commercial transmission of speech (2 400 cycles per sec.), 
which can accommodate one or more telegraph channels, 
known as super-audio channels, in the unused portion 
of the range. Examples of this type of circuit are the 
extra light-loaded circuits (44mH at 1-136 miles), 
having a cut-off frequency of 6 600 cycles per sec. and 
a useful pass range up to 4 300 cycles per sec., which were 
designed primarily for high transmission velocity, and 
unloaded or continuously loaded submarine cables, not 
equipped with carrier telephone apparatus. The extra 
light-loaded circuits referred to are unsuitable for music 
transmission or carrier telephone working, but can easily 
accommodate one or more carrier telegraph channels. 
It is immaterial whether the range below 3 000 cycles 
is used for speech or for multi-channel telegraphs. 


* See Bibliography, (39) and (40). 


t Ibid., (15). 


t Ibid., (IS). 


* See Bibliography, (19). 
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There are two principal methods of providing super¬ 
audio telegraph channels:— 

(i) That in which the carrier frequencies are modulated 
by the telegraph transmitter in the same manner as is 
employed in the lower-frequency channels.* 

In this case the carrier frequencies are generated by 
means of oscillators, and the opei ation is in principle 
the same as in voice-frequency systems. It is usual to 
employ a greater frequency-spacing between adjacent 
channels, chiefly because of the greater percentage 
accuracy required in the separating filters. In addition 
to the usual sending and receiving filters required where 
more than one super-audio channel is provided, master 
filters separating the audio telephone channel and the 
super-audio telegraph channels must also be installed. 

An example of this type of super-audio system is to 
be found in the Angio-Dutch submarine cable, on which 
a teleprinter circuit has been operating on this basis 
since December, 1933. The installation of a second 
circuit is in hand, and ultimately six or more duplex 
channels are envisaged. 

(ii) That in which the principle of double modulation 
is employed. 

The principle of double modulation is well known in 
carrier telephony and it can be applied also to tele¬ 
graphy, f In practice this is carried out by employing 
a carrier telephone channel to carry the modulated 
carriers of a voice-frequency multi-channel system. 
Only one side-band, the lower, is transmitted, and thus 
the high-frequency channels of the voice-frequency 
system become the low-frequency channels of the super¬ 
audio system. The standard carrier frequency for 
carrier telephony in this country is 6 000 cycles per 
sec., and therefore the frequencies of the super-audio 
channels become 3 640 cycles, 3 660 cycles, etc. It 
will be noticed that the principle of employing the 
odd multiples of 60 cycles per sec. as carrier frequencies 
is preserved. 

There are obvious advantages in this method of 
working. The same type of terminal equipment is 
employed on both audio-frequency and carrier ckcuits, 
and setting-up and maintenance does not differ from 
normal practice. Further, the channel frequencies can 
be obtained from the existing multi-frequency generators, 
and difficulties in the design of filters for high frequencies 
are avoided. This method necessitates, however, a high 
degree of equality between the frequencies of the oscil¬ 
lators in the modulating and demodulating equipment. 
This is obtainable by means of temperature-compensated 
coils or by thermostatic control. An experimental 
8-channel system has been installed on this basis between 
London and Newcastle. If experience with this system 
is satisfactory it is probable that considerable use will 
be made of it for the economic provision of channels for 
all purposes. 

In both systems of super-audio operation it is assumed 
that the telephone repeaters en route will deal with both 
speech and telegraphs, and to minimize the effects of 
cross modulation it is essential that the peaks of speech 
be limited to prevent overloading. Special monitoring 
arrangements at the repeater stations may also be neces¬ 
sary to prevent interference with the telegraph channels, 

* See Bibliography, (24), (26), and (26). t Ibid., (23). 


(4) TECHNICAL CONSIDERATIONS RELATING TO 
ALTERNATING-CURRENT TRANSMISSION 

(a) Line Characteristics 

Normally, a.c, or cairier telegraphy consists of modu¬ 
lating a carrier wave in accordance with the movements 
of a telegraph transmitter, the whole or part of the 
available frequency-band width of normal telephone 
circuits being used for the transmission path. The 
sources of distortion in an a.c. transmission line are well 
known, but the most important affecting carrier tele¬ 
graphy are given below. 

(i) Restriction of transmission frequency band. 

The effect of restricting, the transmission frequency 
band is to delay the rise in the amplitude of the carrier. 



Fig. 14. —Attenuation of voice-frequency channel. 


and the building-up time fi'om the first appearance of 
the signal to the steady-state amplitude is equal to 
^/(/a—/i). where/g and/j are respectively the higher 
and lower cut-off frequencies.* In the practical case 
this is only approximately true, as it is impossilfle eitlier 
to define the a.ctual cut-off frequencies or to dctcrmiiK? 
exactly the building-up period. Nevertheles,s, the 
simple formula will enable apparatus to be designed 
according to the telegraph speed required of the channel, 
provided due allowance is made for tlie imperffictions of 
filtering equipment. Thus Figs. 14 and 16 respectively 
show the attenuation/frequency curve of a typical voico 
frequency channel and the envelope of thevoice-frequemey 
signal. The calculated cut-off frequencies differ by 
120 cycles per sec., but the available band width will be 
seen to be roughly 70 cycles, which agrees fairly cla.sely 
with the measured building-uptime (14 milliseconds) of 
the carrier, as shown in the oscillogram. 

It is evident that, wnth simple means of rectification, 

* See Bibliography, (0). 


DEVELOPMENTS IN TELEGRAPH TRANSMISSION 


263 


the maximum speed of a channel without appreciable 
telegraph distortion is equal in bauds to the available 
frequency-band width of the channel. It is also evident 
that in a.c. telegraphy the frequency band width 
required for a given telegraph speed is twice that required 
in d.c. telegraphy, where the carrier frequency may be 
regarded as zero and the upper and lower side-bands 
coincident. 

(ii) Phase distortion. 

The general effects of phase distortion in delaying 
the building-up of an a.c. signal are well known. The 
influence of phase distortion on telegraphic distortion 
depends very largely on the action of the detector in the 
subsequent restoration of the d.c. character of the signal, 
but, in any case, the efl:ects of delay in the build-up of 
the signal are the same whether it is produced’by phase 
distortion or by restriction of the transmission band. 
More information on tliis point is given later in the paper 
when the action of the receiver is discussed. 


in that it delays the building-up and dying-away of the 
carrier. This is not a condition which occurs frequently 
in modem telephone circuits, as all main-line repeaters 
are equipped with attenuation equalizers. 

Over the transmission band of any one channel in a. 
multi-channel system, the maximum difference in 
attenuation is not more than 0 • 6 db even for the lowest 
frequency channel, and is therefore negligible; but the 
overall difference between frequencies in different 
channels leads to a reduction of the signal/interference 
ratio and must therefore be taken into account. 

Again, in single-channel systems the effect is limited 
by a receiving filter if one is employed, and obviously, 
where a wide transmission band is required, uniformity 
in attenuation can only be secured by careful adjustment 
of equalizers. 

(iv) Non-linear distoi'tion. 

Non-linear distortion in thermionic valves and loading 
coils and transformers, resulting in the production of 



Fig. 15.—Effect of restricted transmission band on envelope of a voice-frequency signal. 

lO-millisecond timing lines. 


The electrical networks commonly employed in tele¬ 
phone transmission lines for phase correction are neces¬ 
sary on telegraph circuits only where transmission of a 
broad frequency band is required, such as in picture 
transmission. In the more usual type of telegraph 
transmission, the difference in delay time over the 
essential transmission band width renders the use of 
special phase-correctors unnecessary provided the band 
is suitably restricted by means of filters. In multi¬ 
channel systems the filters must be provided to separate 
the channels; and in single-channel systems, although 
sending and receiving filters are not strictly required, 
they may be inserted where excessive phase distortion is 
present. The building-up time of a signal is then 
dependent on the width of the transmission band, and 
the effect of phase distortion is negligible except where 
the rate of change of the phase constant with respect to 
frequency is changing very rapidly.* 

(iii) Non-uniformity of attenuation over the trans¬ 
mission band. 

The effect of non-uniformity of attenuation over the 
transmission band is similar to that of phase distortion 

* See^^Bibliography, (8). 

VOL. 80. 


second and third harmonics of the carrier frequency, is 
also present in telephone lines. With the normal type 
of equipment, effects due to this cause are inappreciable, 
although it might be anticipated that in the multi¬ 
channel case production of third harmonics of (say) the 
first channel carrier (420 cycles per sec.) would interfere 
with the operation of the eighth channel (1 260 cycles 
per sec,). The production of even harmonics due to 
non-linearity of valve characteristics is undoubtedly 
more serious, but as the carrier frequencies have been 
selected so that the resulting harmonics fall midway 
between channels, their effect is greatly reduced. 

(b) Effect of Variations in Receiving Level 

Alternating-current transmission, utilizing one carrier 
per channel, is equivalent to a single-current system, 
and the receiving relay requires a bias—either electrical 
or mechanical—^to return the armature on the cessation 
of the signal; and as the restoring force is fixed, once the 
channel has been set up, variations in the. level of the 
received signal produce bias distortion. It is essential, 
therefore, that means of overcoming the effect of varia¬ 
tions in attenuation should be introduced; and it will 
be found that differences in the various designs of a.c, 

17 
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telegraph receivers are largely due to the differences in 
the manner in which this problem is tackled.* 

As in the case of single-current d.c. telegraphy, the 
importance of maintaiiring a definite signal amplitude 
is dependent on the shape of the signal envelope. That 
is, where the signal envelope is rectangular in form, the 
distortion introduced by a given change of amplitude is 
considerably less than where the wave-form rises slowly. 
It is necessary, in the former case, that the signal 
amplitude should be considerably more than the mini¬ 
mum operating current of the receiving relay, and also 
that the change of flux in the relay core should be 
similar in foim to the change of potential of the received 
signal. The latter is very rarely the case, owing to. the 
impedance of the relay being variable with frequency 
and also owing to the production of eddy currents in 
the relay core which delay the change of effective flux. 
Further, in the case of carrier telegraphy, it is necessary 
to smooth the demodulated signal by means of a low- 



pass filter, which delays the rise of current in the relay 
winding and therefore the change of flux in the relay. 
In the majority of modern telegraph systems the speed 
of working in relation to the available frequency band is 
such that the a.c. signal reaches the steady-state condition 
immediately prior to the cessation of the signal, and the 
effect of variation in the signal level is evidently serious. 

The magnitude of the variation to be expected in the 
level of the received signal depends on the system to be 
employed. Multi-channel systems which are set up 
permanently on a particular circuit are designed to 
operate over a maximum range of 16 db, whereas the 
equipment employed on the telex service must deal 
with signals varying in level by at least 30 db. The 
effect of line-attenuation changes depends on the speed 
of transmission and the building-up period of the signal 
envelope. Thus, with building-up and dying-away 
periods of 14 milliseconds and a transmission speed of 
50 bauds, the maximum distortion for 16-db change of 
level, if simple forms of rectifier and relay receivers are 
employed, is about 35 per cent.. 

(c) Design of A.C. Telegraph Receivers 

To compensate for the effects of long building-up and 
dying-away periods and variations in the level of the 

• See Bibliography, (14) and (16). 


received signal, all a.c. telegraph receivers employ some 
form of limiter. The commonest type of limiter depends 
for its operation on the change of grid-cathode impedance 
of a thermionic valve when the potential of the grid 
reaches the point where grid-cathode current commences 
to flow, and also on the rectifying property of the grid- 
cathode circuit. In its simplest form the grid limiter is 
shown in Fig. 16. The normal relative potentials of the 
grid and cathode depend on whether the valve is being 
used as a rectifier or an amplifier, but the limiting 
property is not affected by this. 

A signal of large amplitude applied to a receiver of 
this type operates the receiving relay at the beginning 
of the building-up period of the envelope; and, when the 
peak amplitude exceeds the normal grid bias, grid- 
cathode current flows and charges the grid condenser. 
Thereafter, only the peaks of the half-waves produce 
grid current and only the top part of the signal produces 
anode current. If the time-constant of the condenser 



Fig. 17.—Grid limiter with unshunted resistance. 


and resistance is great compared with the time between 
successive half-waves, the effective portion of the signal 
is at the top of the envelope, and, if the amplitude of the 
signal is reduced, the signal in the anode circuit ceases 
as soon as the amplitude of the a.c. signal on the grid 
falls below the additional grid bias built up on the grid 
condenser. 

As the operating point on the cessation of tone is 
dependent upon the biasing voltage produced by the 
flow of grid current, it is possible to control the position 
of this point by controlling the biasing voltage developed. 
Where the sending impedance is of the same order as the 
grid-cathode impedance, the grid condenser is quickly 
charged, and therefore the biasing voltage approximates 
to the peak voltage of the applied signal; and conversely 
if the sending impedance is high the condenser is charged 
to only a small fraction of the signal peak-voltage. 
Thus the operating point of the relay can be controlled 
by adjustment of the sending impedance, and this is 
most conveniently done by including in the grid circuit 
a resistance not shunted by the condenser, as shown 
in Fig. 17. 

During the quiescent period between signals the con¬ 
denser discharges through the shunting resistance, and 
therefore the time-constant of the chcuit influences the 
relay operating point on the envelope of the next signal 
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received. Thus, if the time-constant is high compared 
with the length of the quiescent period, the third opera¬ 
tion occurs at approximately the same amplitude as the 
second; and if the time-constant is low, the third opera¬ 
tion occurs at the same amplitude as the first. The relay- 
operating points of the envelope can therefore be con¬ 
trolled by adjustment of the values of the components 
in the grid circuit, the optimum values being dependent 
upon the conditions of working of the system. 

Where it is possible to arrange for tone to be trans¬ 
mitted in the idle periods, the longest period of no tone 
is equivalent to 6 elements, and a receiver having a 
large time-constant gives the best ,operating conditions. 
In this case, all operating points occur at approximately 
the same amplitude, which may be arranged to be equal 
to half the peak amplitude. If all operations occur at 
lialf the peak amplitude there can be no telegraph 
distortion, but in practice this is not possible because 
the additional bias built up by the signal must fall 
slightly during the no-tone periods and also because the 
building-up of the charge is not instantaneous. It is 
possible, however, to reduce the 35. per cent distortion, 
previously mentioned, to about 12 per cent. 

In cases where it is not possible to transmit tone in 
the idle condition, the M-to-S (mark to space) operating 
point after a period of rest is always at the beginning of 
the building-up period of the signal. The best S-to-M 
operating point is therefore at the beginning of the 
dying-away period, and, with a hang-over time shorter 
than the shortest tone-off period, the next M-to-S 
operation would be at the beginning of the next build-up. 
No telegraph distortion would be introduced, but in 
practice it is found that the time-constant cannot be 
reduced to the required value because the rate of die- 
away of the condenser voltage must be less than that 
of the signal, and therefore there is some distortion of the 
second and subsequent M-to-S operations. This can be 
reduced by arranging that S-to-M operations occur later 
in the die-away, in which case the total distortion is 
divided between the M-to-S and S-to-M operations. 
The maximum distortion is reduced in this way, but it 
is evident that in the extreme case, where the first 
M-to-S operation occurs at the commencement of the 
building-up period and all subsequent operations occur 
at half the peak amplitude, the maximum distortion 
measured as a time-interval approaches half the build-up 
time of the signal envelope. This arrangement is 
employed in the equipment used in the Post Office telex 
system. It is interesting to note that when component 
values are adjusted so that all operating points after the 
first occur at half the peak amplitude, the average current 
in the anode circuit is constant over a vdde range of 
signal level, and this fact may be used as an indication 
that the required conditions have been obtained. In 
this particular equipment, the extra resistance in the 
grid circuit is unnecessary owing to the high step-up 
ratio of the input transformer. In order to utilize the 
mid-portion of the signal envelope the effective grid 
bias should obviously be equal to half the peak voltage 
of the, signal plus half the effective grid swing, and that 
portion of the grid bias due to the charge on the con¬ 
denser should be equal to half the peak voltage minus 
half the effective grid swing. The curves given in 


Fig. 18 therefore show the average direct current in 
the anode circuit, the actual voltage produced across 
the grid condenser, and the calculated half peak voltage. 
It will be seen that there is very close agreement between 
the calculated and measured voltages. 

In the multi-channel system used in this country the 
correction is made partly in the rectifying valve and 
partly in a preceding valve amplifier. In this system 
the how of grid current in the rectifier and the consequent 
charge on the grid condenser, bias both the rectifier and 
the amplifier. The result is that the rise of current in 
the rectifier anode circuit is delayed owing to the reduced 
amplifier gain, and it is arranged that the anode current 
in the rectifying valve reaches a predetermined value, 
at which the receiving relay operates, when the signal 
applied to the amplifier reaches half the peak amplitude. 
The return operation of the relay takes place at approxi¬ 
mately the same point of the envelope. 
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Fig. 18.— Relation between peak .signal voltage and voltage 
developed across grid condenser. 


(i) Effect of half-wave rectification on receiver 
distortion. 

The receiving circuits described employ half-wave 
rectification, and the phase of the carrier at the instant 
of modulation has some influence on the time-interval 
between the operations of the transmitting and receiving 
relays. 

In the worst case, where the length of the signal is 
equal to an odd multiple of one half-cycle, the effective 
length of the rectified but unsmoothed signal may vary 
by the length of one complete cycle, and therefore the 
maximum possible distortion in milliseconds is equal 
to 1 000//, where / is the carrier frequency. 

In practice, the low-pass filter, which retards the 
change of current in the receiving-relay wdnding, and the 
bias-current adjustment, modify this result. The maxi¬ 
mum difference of the time-intervals between the 
operations of the transmitting and receiving relays is 
equal to one half-cycle, at both the beginning and the 
end of a signal; but, b}'’- adjustment of the bias enj-rent, 
the mean interval between the operation of the trans¬ 
mitting relay and . the corresponding operation of the 
receiving relay, for the commencement of a signal, is 
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made equal to that for the end of a signal. The maxi- 
mnm difference of time-interval corresponding to the 
two operations is then equal to one half-cycle, i.e. 

1 000/(2/) milliseconds, and the distortion is equal to 
lQ0N/(2f), where N == telegraph speed in bauds. 

With full-wave rectification, which has been employed 
in experimental receivers constructed in the Research 
Laboratories of the British Post Office, the distortion is 
reduced to one-sixth of a complete cycle, i.e. 1 000/(b/} 
milliseconds. 

(ii) Direct operation of machine telegraph receivers 

from thermionic valves. 

Where direct operation of machine telegraph receivers 
is required, further amplification of tlie limited signal 
will usually be necessary and this may be provided in 

a variety of ways. r 

First, fui'tliGt valves arc employed as amplmer ol the 

d.c. component or as rectifier and amplifier of the a.c. 
component, with the operating winding of the receiving 
magnet in the anode circuit. Some types of^ voice- 
frequency equipment for telex operate on this principle. 

Second, the limiting valve is followed by dry metal 
rectifiers, and further valves are employed as a d.c. 

amplifier. ’ 

Third, the limiting yalve operates as a rectifier, and 
the transients obtained on build-up and die-away are 
amplified by means of a push-pull amplifier and operate 
the receiving magnet on a double-current basis. Ibis is 
the system employed at present on the voice-frequency 
equipment for telex in this country. 

(iii) Operation of sensitive relays. 

The usual method of operating relays in carrier- 
current telegraphy is directly in series with the anode 
of the limiting valve. 

As the carrier operation is effectively single-current, 
the receiving relay requires either mechanical (spring) 
or electrical bias to restore the armature on the cessation 
of the operating current. Owing to the high impedance 
of the relay winding at carrier frequencies a path for the 
a.c. component is required, and this usually takes the 
form of a condenser connected directly across the relay 
winding. 

There is some slight advantage in using the anode 
supply for the bias current, as variations in the anode 
voltage produce similar variations in the operating and 
biasing circuits, and therefore tend to compensate one 
another. The compensation is, however, not completely 
efiective. 

Another method of operating the relay is in a bridge 
circuit, in which the valve forms one arm of the bridge.* 
A bias winding is, of course, unnecessary and a form of 
double-current operation is produced. It is well to 
remember, however, that the operation is, in effect, 
.single-current, with electrical bias, and it possesses no 
particular advantage over the simple method discussed 
above. 

(d) Transmission Problems peculiar to Telex 

Services 

A diagram of the subscribers’ apparatus used for the 
telex system is shown in Fig. IQ.f The transmitter 

• See Bibliography, (22). f Ihid., {21), 


consists of a single-valve oscillator and the receiver of 
a rectifying valve which combines the functions of 
rectifier, limiter, and echo-suppressor, followed by a push- 
Xmll amplifier, which amplifies the transients obtained 
on the growth and die-away of the rectified voice- 
frequency signal sufficiently to operate the teleprinter 
without intcnriediate relays. The echo-suppressing 
feature is required to cater for short trunk circuits not 
equipped with the telephone-type echo-suppressors; and 
is obtained by increasing the time-constant of the grid 
resistance and condenser to cover that period wherein 
an echo may be received. 

The effect of hang-over time in the grid re.sistance and 
conden.ser on distortion has been discussed previously, 
and in this particular case the resulting distortion may 
amount to half the building-np time of the signal. No 
filters are included in the equipment, and thus the delay 
in the building-up of the signal is due only to phase 


Teleprinter 



Fig. 19.—Diagram of subscriber’s telex equipment (d.c. 

mains). 


distortion in the circuit. The resulting telegraph dis¬ 
tortion on the longest lines in this country is about 
121 carrier frequency is low (300 

cycles per sec.), the repeaters and line transformers 
account for practically the whole of this. 

For international working, the carrier frequency of 
300 cycles per see. is considered to be too near the cut-off 
of many foreign circuits for satisfactory transmission, 
and, because phase distortion at low frequencies, being 
dependent on the number of repeaters, would become 
serious on long circuits, the question of using a higher 
frequency was examined. A frequency of 1 500 cycles 
per sec. has now been inteiiiationally agreed upon, and 
this frequency will also be used for the inland service. 

The choice of a fi'equency higher than 300 cycles per 
sec. is restricted on ciccount of the use of the band 
between 600 and 1 000 for signalling on the telephone 
circuit, together witli the greater cross-talk at the higher 
frequencies. At frequencies between 1 000 and 1 200 
cycles per sec. the degrading effect on articulation is 
particularly bad, owing to the sensitivity of telephone 
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receivers at those frequencies. At 1 500 cycles per sec., 
however, it has been found that the sending level can be 
maintained at such a point that main-line repeaters can 
be fully loaded without causing an appreciable loss of 
articulation in an adjacent telephone circuit. 

The operation of voice-frequency telegraphy on 
ordinary telephone lines with intercommunication 
facilities introduces special additional problems not 
experienced on point-to-point services. The mo.st 
important of these, from an engineering standpoint, are 
the operation of echo-suppressors and the effect of 
line noise. 

(i) Operation of echo-suppressors. 

It is essential that the operation of echo-suppressors 
on trunk circuits should be sufhciently rapid to prevent 
the possibility of the passage of reflected currents. The 
time of operation necessary to prevent this will, of 


“ao"SUPFRCS50f} 01 MX). 



Fig. 20.—Typical echo-suppressor layout suitable for telex. 


suppression for periods up to 50 milliseconds. It is 
therefore unnecessary for the beginning of a reflected 
signal to be fully suppressed. On sliort-circuits this 
is important, because too-rapid build-up of the sup¬ 
pressing voltage produces a surge on the line which 
may cause errors in the telex transmission and, in 
extreme cases, instability of the echo-suppressor and 
repeater. 

The hang-over time is limited by the rapidity with 
which the “ answer back ” signal is transmitted. On the 
teleprinters used in Great Britain, a period of 160 milli¬ 
seconds elapses before the " answer back ” unit begins 
to transmit, and as it is unnecessary for the first letter- 
shift signal to be received a maximum hang-over time 
of 310 milliseconds is permissible. This figure should be 
increased by the transmission time of the circuit from the 
suppressor station to the receiving terminal and return, 
but in many cases this is negligible. 


course, be dependent on the length and composition of 
the particular circuit and on the location of the echo- 
suppressor. The hang-over time must' also be such as 
to allow of the reception of the “ answer back ” signal.* 

The operating time of the hitherto standard echo- 
suppressor used in Great Britain is about 20 milliseconds, 
and provided that the transmission time from the echo- 
suppressor station to the receiving teri-ninal and back is 
greater than this, no difficulty is experienced. Where 
the transmission time is less than this, it is possible for 
the reflected signal to operate the other half of the sup¬ 
pressor and tend to suppress the originating signal. 
Some trouble has been experienced on circuits having 
a short transmission time and it has been overcome by 
arranging that the suppressor, in addition to suppressing 
the return repeater, suppresses also the amplifier of that 
half of the suppressor which should not operate. 

The hang-over time of the limiting circuit in the 
convertor has been increased to provide for echo- 
♦ See Bibliography, (31). 


In the modified standard echo-suppressor used in 
Great Britain, the operating time is approximately 
10 milliseconds and the hang-over time 270 milliseconds. 
A diagram of the modified circuit is shown in Fig. 20. 

(ii) Effect of line noise. 

Line noise is most commonly of the form of short 
disturbances of considerable amplitude, similar to the 
atmospherics of radio engineering. The chief source of 
disturbance is in exchange switching operations, where 
momentary bridging of one line to another can occur. 
It has been found that, in practice, at least 95 per cent 
of the disturbances ai'e of less than 2 milliseconds dura- 
tibn, and the majority of those are of less than 1 milli¬ 
second. A short distm-bance may give either an 
“ extra ’’ or a “ failure ” in the received signals. If the 
disturbance is received whilst a character but no tone 
is being tran.sraitted, the equivalent of a period of tone 
results. If the amplitude of the disturbance is large, 
the grid condenser in the receiver may be charged to 
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Teleprin ter-magneb operating winding 


Currentj 

shaping 

network, 


Pre-limiter 


Fig. 21.—Experimental convertor embodying noise discrimination on a time basis 


36 mA 


SSrnA 


Fig. 22.—Current in teleprinter electromagnet winding, with armature clamped. 

(а) Current on letter “ Y ” (S, MSMSM, M). 

(б) Current on carriage return (S, SSSMS, M). 

(c) Current in magnet: 0'5-raillisecond disturbances. 10-milIiseoond timing lines. 
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such a point that the next voice-frequency signal is 
suppressed and the result is equivalent to a period of 
no tone. The amplitude of the disturbances is usually 
of the order of 2 volts, but in exceptional cases may 
reach 20 volts. 

Discrimination between the disturbances and the 
voice-frequency signal can be made on an amplitude 
basis, on a frequency basis, or on a duration or time 
basis. Discrimination on an amplitude basis can only 
be made by reducing the absolute sensitivity of the 
receiver to a minimum. This requires that the trans¬ 
mitter input to the line be fixed at the maximum power 
permitted by considerations of repeater-overloading and 
of cross-talk. For telex services in this country the 
sensitivity required is such that the equipment must 
operate on an input of 0 ■ 1 volt, and for international 
working 0-05 volt. Thus, a number of disturbances 
remain which on an amplitude basis are liable to mutilate 
transmission. 

As the total energy of a d.c. pulse is spread over an 
infinitely large number of frequencies, a certain amount 
of discrimination between signals and distui'bances can 
be obtained by restricting the received band of fre¬ 
quencies. It follows also that it is impossible to dis¬ 
criminate completely, as part of the energy will un¬ 
doubtedly fall within the transmission band. The 
result is that the disturbance received after the filter is 
of smaller amplitude but greater length than the original 
pulse, and the narrower the transmitting band width 
the greater is the effect on both amplitude and length. 
The restriction of the transmitting band therefore 
improves the signal/disturbance-voltage ratio, but the 
gain is limited by the band width necessary for trans¬ 
mission with a reasonable minimum of distortion. Thus, 
with a carrier frequency of 1 600 cycles per sec. and a 
band width of 400 cycles per sec., the amplitude of the 
disturbances produced by the application of a d.c. 
voltage from a low-impedance source is reduced in the 
ratio of about 4 to 1, but the length is increased from 
a very small value to about 3 milliseconds. The effect 
of a large proportion of disturbances is nullified, there¬ 
fore, but the remainder which are still comparable in 
^^piil'^de with the signal are more likely to result in 
false characters owing to their greater length and the 
consequently greater chance of interference with a 
particular operation of the receiving electromagnet. 

Because of the short duration of the disturbances in 
comparison with the shortest signal element, duration 
forms the best basis of discrimination. This method 
can be applied by reducing-equally the rates of growth 
and die-away of a, signal, so that signals shorter than a 
certain length of time cannot operate the receiving relay. 
Fig. 21 shows how the system has been embodied in an 
experimental a.c./d.c. single-current convertor for use on 
telex circuits. The network in the d.c. output circuit 
produces such a wave-form in the change-over from 
M to S (mark to space), and vice versa, that a signal 
shorter than 7 milliseconds does not exceed the effective 
value of the bias^ current. As the retarding network 
comes after the limiting valve, the sensitivity to dis¬ 
turbances is not dependent on amplitude providing this 
is comparable with the normal maximum signal ampli¬ 
tude. The presence of a band-pass filter reduces the 


amplitude of the disturbance, and therefore to a certain 
extent guards against excessive charge being produced 
on the grid condenser. 

Oscillograms of current in the teleprinter-magnet 
winding are shown in Fig. 22. Such disturbances do 
not operate the teleprinter whilst signals are not passing, 
but, if they occur during transmission, precipitate or 
retard operations of the magnet armature. The errors 
in transmission are therefore roughly proportional to the 
number of change-overs in the character; letters such 
as T (S, S S S S M, M) being almost immune, and 
letters such as “ Y " (S, M S M S M, M) showing the 
greatest number of errors. 

The effect of a disturbance immediately preceding oi* 



following a signal operation has been examined using 
apparatus embodying the circuit of Fig. 21, and the 
results are shown in the curves given in Figs. 23 and 24. 
In these curves it has been assumed that the amplitude 
of the disturbance is roughly the same as that of the 
signal, and therefore the suppression of a signal following 
a disturbance of greater amplitude has been ignored. 
Several interesting points are brought out by these 
curves. In the first place, if the disturbance precedes 
the signal operation the maximum distortion which 
results is equal to the length of the disturbance. Thus, 
with a band-pass filter having a transmitting band 
width of 400 cycles per sec. by which any short distur- 
bance is lengthened to 3 milliseconds, the distortion of 
a M-to-S operation can reach a maximum of 16 per cent 
at 60 bauds, a figure which should be well within the 
margin of the receiver. Secondly, if the disturbance 
immediately follows a signal the distortion is again. 
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15 per cent. A short interval between the end of the 
signal and the disturbance can introduce distortion of 
between 16 and 37 per cent, depending on the duration 
of the interval, but provided that the interval is less than 
3 or greater than 7 milliseconds (the shortest interval in 
which the relay will operate) the distortion is not more 
than 26 per cent, a not-unreasonaWe figure for the 
margin of the receiver. In the worst cases, the dis- 
toibion due to a disturbance at a certain interval after 
the end of a signal is more than it would be if there were 
no interval and the disturbance were increased in length 
by the duration of the interval. For example, a 
5-millisecond disturbance after an interval of 7 milli- 



Fig. 24.—Effect of disturbance following signal. 

The figures on the curves denote duration of disturbance, in milliseconds. 

seconds results in 76 per cent distortion; whereas, if 
there were no interval and the disturbance were in¬ 
creased to 12 milliseconds, the distortion would be only 
60 per cent. To a lesser degree, this is also the case 
for shorter intervals; and is due to the combination of 
the transients produced by the signal and the dis¬ 
turbance delaying the fall of current in the magnet 
winding. 

The curves also show that, if possible, the trans¬ 
mitting band width should be such that short dis¬ 
turbances are lengthened to not more than 2 milli¬ 
seconds in order that the distortion may not exceed 
25 per cent for any position of the disturbance. This 
requirement can be met by increasing the band width 
of the receiving filter or by cutting out the filter, but 
there remains the possibility of disturbances of large 
amplitude charging the grid condenser and suppressing 
telegraph signals following the disturbance. This effect 


can be counteracted by the use of a received-current- 
limiter, which precedes the voltage-limiter in the con¬ 
vertor, as is shown in Fig. 21. The object of the current 
pre-limiter is to limit the grid-condenser charging current 
to the maximum signal current which the convertor is 
designed to receive. The pre-limiter itself consists of 
a network containing copper-oxide rectifiers which are 
in series with the receiver and carry direct current. 
The a.c. signal is superposed on the d.c., increasing the 
instantaneous value of the total current in one rectifier 
and reducing it in the other. As the current in one 
rectifier approaches zero, the series impedance between 
the line and the convertor increases rapidly, and there¬ 
fore the peak value of the signal current is limited 
practically to the direct current in the rectifier circuit. 

Although this charging-current pre-limiter limits also 
the signal voltage received by the convertor, its effect, 
in this instance, is not the same as that of the widely used 
voltage-limiter which operates by producing a shunt 
across the receiver when the level of the received signal 
exceeds a predetermined value. The grid-circuit- 
limiter of the receiver operates as a voltage-limiter on a 
very short signal or disturbance and is, in fact, more 
effective than a voltage pre-limiter could be, because the 
former limits the signal to the minimum receiving level 
whereas the latter can only be designed to limit the signal 
to the maximum receiving level if distortion of the signal 
is to be avoided. 

(5) DIRECT-CURRENT TRANSMISSION 
So far as the British inland service is concerned, 
direct-current methods have become of considerably less 
importance since the extension of multi-channel voice- 
frequency working. Apart from short local lines, and 
extensions from voice-frequency systems, direct-current 
working is mainly employed for the utilization of by¬ 
product circuits in telephone cables, and for working on 
submarine b it graph cables to the Continent and 
numeious islands off the shores of Great Britain. The 
by-product circuits in use are phantoms in star-quad 
telephone cables and double-phantoms in multiple-twin 
telephone cables. Details of the methods used when 
such circuits are employed for the provision of private 
wires have already been published.* 

In the case of extensions from the voice-frequency 
system the windings of the voice-frequency transmitting 
relays are connected through a fixed resistance of 
3 000 ohms to earth while the operating current is 
supplied over the line from a double-current earthed 
± 80-volt battery via the transmitting teleprinter 
contacts. In the reverse direction the voice-frequency 
receiving relay transmits double current from an earthed 
± 80-volt battery to line and eventually to the tele¬ 
printer electromagnet or receiving relay. Under these 
conditions it is found that at teleprinter speeds a con¬ 
siderable length of line (actually about 30 miles of 
20-lb. telephone conductor or the equivalent) can be 
used without appreciably increasing the overall dis¬ 
tortion of the circuit above that of the channel itself. 
This is without the inclusion of additional relays in the 
circuit and with simple filters inserted to prevent inter¬ 
ference with telephone circuits. By inserting suitable 

* See Bibliography, (27). 
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receiving relays in the two sides of the circuit and con¬ 
necting the teleprinter electromagnet and the voice- 
frequency send relay to the local contacts of these relays 
the length of line can be increased to upwards of 100 miles 
of 20-Ib. conductor or the equivalent, without appreciably 
increasing the overall distortion of the circuit above 
that of the voice-frequency channel alone. 

(a) Sub-audio (Infra-acoustic) Circuits on 
Submarine Cables 

It has not been found necessary to make use of sub¬ 
audio circuits in the British Isles, with the exception of 
several cases in which submarine cables are involved 
and the provision of special equipment is warranted. 
Such a case is that of the London—Jersey duplex tele- 


high resistance of the transmitting portion of the circuit. 
The- potentiometer and shunt entail a considerably 
higher current output from the rectifier than is used in 
the line, but this is not in fact of practical importance. 
Other points of interest are the artificial line used in 
place of the conventional balance, the necessity for 
smoothing the vibrating circuit of the receiving relay, 
and the transformer in the line circuit. The last itern 
is introduced to prevent the telegraph apparatus from 
producing a loss on the double-phantom telephone circuit 
which works on the two phantom circuits on which the 
telegraphs are composited. Smoothing of the vibrating 
circuit is provided to prevent noise on the telephone 
circuit. 

A sub-audio case of a somewhat different character 
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Fig. 25.—Blackpool-Douglas sub-audio teleprinter circuit. Line diagram and circuit 

equipment at Blackpool. 


printer circuit, which is composited wdth the Channel 
Islands telephone circuit on a single-core unloaded 
submarine cable. Two duplex teleprinter circuits have 
also been in.sta.lled on the continuously-loaded submarine 
telephone cable between Blackpool and Port Erin (Isle 
of Man).* These circuits are noteworthy for the low 
transmitting voltages used (approximately 7 volts) 
in order to avoid the risk of affecting the characteristics 
of the loading material on the cable conductors, and so 
giving rise to cross-talk on account of minute changes in 
inductance. The terminal arrangements at Blackpool 
am shown in Fig. 25. Rectifiers were used to provide 
the line current, to avdid the necessity for special 
insfilated batteries for each circuit. A sending-end 
inductive shunt was used as a convenient method of 
reducing distortion and .compensating for the relatively 

* See Bibliography, (30). 


arrangement of 


was that in which a telephone circuit between Jersey 
and Guernsey was obtained by making use of two cores 
of a 3-core telegraph cable already in use for telegraph 
circuits from Jersey to London, without change in the 
operating conditions of the telegraph circuits. The 
use of the normal 80 volts on the telegraph circuits 
entails surge currents up to 200 mA in th.e inductances 
of the battery-circuit smoothers, but by paying special 
attention to the design of the filter coils in tie telegraph 
circuits it has nevertheless been possible to raise the 
cut-off frequency of the line filters to 2C0 cycles per sec. 
The coils are made up on a laminated mumetal core and 
for a 0-56-henry coil having a d.c. resistance of 7 • 5 ohms 
the change of inductance at 50 cycles per sec. for currents 
from zero up to 200 mA was less than 1 per cent. The 
result of the relatively high cut-off and tlie large surge 
currents possible has been that the characteristics of the 
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telegraph circuits are essentially unaltered. Tests 
showed that with the arrangements adopted, an incoming 
telephone level, at the junction of the high- and low-pass 
filters, of as low as — 35 db would still give a satisfactory 
signal/noise ratio on the telephone channel. 


developed for the exclusive supply of the telegraph 
currents where it is not desired to use the common 
rectifier unit referi'ed to above, for example, on account 
of the non-standard voltage of (55 -j- 65) volts. 

Fig. 26 is a diagram of one form of rectifier unit 



Fig, 26. Rectifier unit for direct-current extension from multi-channel voice-frequency sy.stem. 


(b) Use of Rectifiers for D.C. Telegraph Currents 

All-mains teleprinter sets have been in use at small 
offices having a.c. power supply for some years.* Where 
a d.c. power supply only is available central battery 
working has been resorted to, but small rotary trans¬ 
formers are now being introduced for obtaining double- 
current supply. The a.c, all-mains arrangement makes 
use of a rectifier unit having an output of approximately 
110 volts at 0*75 amp. The arrangement is such that 


used for the supply of 80 volts for working into a 
multi-channel voice-frequency terminal over a direct- 
current line. The rectifier units are joined up on the 
voltage-doubler principle, the double-current supply 
being obtained by means of a potentiometer. This 
method avoids any possibility of battery bias, and the 
rectifiers are used somewhat more efficiently than with 
the bridge scheme. The value of the potentiometer 
(2 000 ohms -f- 2 000 ohms) has been kept high to avoid 


Balance 



the power for driving the teleprinter motor and for a 
double-current line and local supply of ± 56 volts 
are all obtained from one rectifier. The use of a single 
unit in this way is permitted by the fact that the high- 
capacity rectifier necessitated by the motor has a com¬ 
paratively low internal resistance. Rectifier units of 
considerably lower capacity than the foregoing have been 

* See Bibliography, (38). 


an unduly heavy load on the rectifiers. The lO-uF 
condensers shunting these resistances reduce the loss in 
transmission efficiency on account of the high resistance 
of the potentiometer and rectifier. 

Table 3 gives the output characteristic of the rectifier 
unit shown in Fig. 26. 

^ It will be observed that the voltage on the oflE-load 
side of the potentiometer rises considerably This 
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voltage, however, never appears across the line terminals, 
and in fact the shape of the line-voltage curves is identical 
with that obtained using a battery. Rectifier units of 
this and similar types are also being used to provide the 


Table 3 


Volts across potentiometer 


Worldng side 

Idle side 


95 

125 

mA 

15 

75 

135 

30 

50 

150 

50 


line and local currents on teleprinter private wires. 
For working over long distances, and also where a lower 
line voltage is required, the unit can be used in the 
manner shown in Fig. 27, which is a diagram of the 
sending end of a differential duplex circuit with rectifier 


lating and demodulating equipment must again be equal 
for the same reason. 

(i) Teleprinter speeds. 

Steady improvement has been made in the main¬ 
tenance of correct teleprinter speed, and it is now safe 
to say that the speeds of co-operating machines seldom 
differ by more than 1 per cent. It was often claimed in 
the early days of teleprinter working that speed differ¬ 
ences of 4 or 6 per cent could be tolerated, but clearly it is 
preferable to run at correct speed and retain a margin 
to meet less tangible sources of trouble. 

Speed is checked by means of stroboscopes and syn¬ 
chroscopes. The former were originally the sole method 
of speed testing, and consisted of viewing a mark on a 
rotating shaft of the teleprinter through the window of 
a tuned vibrating reed. The accuracy of the test is not 
high, and synchroscopes have been introduced which 
have resulted in a marked improvement in the general 
accuracy of teleprinter speeds. The circuit of the 
synchroscope is shown in Fig. 28. The teleprinter to 
be tested may be either adjacent to or remote from the 


Table 4 


Type of circuit 

Length 

K X R 


miles 

/xF X ohms 

40-lb. double-phantom.. 

260 

108 000 


350 

192 000 

25-lb. phantom .. .. . . 

120 

80 000 


180 

180 000 

40-lb. loop 

220 

130 000 


supply. A sending shunt is used which may consist of 
a plain resistance or of a resistance and inductance, and, 
by proper adjustment of this shunt, transmission equiva¬ 
lent to, or better than, normal battery operation can 
be secured. 

T5rpical results obtained in the laboratory on different 
types of artificial underground cable are given in Table 4. 

(6) TESTING 

(a) Frequency Control and Synchronism 

Modern communications engineering is becoming 
more and more dependent on the accurate control of 
speed and frequency. A telegraph circuit working on 
a multi-channel voice-frequency circuit is an instance 
of this. The motors of the teleprinters themselves must 
all run as nearly as possible at equal speeds in order to 
have maximum margin available to cover line and 
incidental distortion. The multi-frequency generators 
must run at correct speed in order that the frequencies 
generated shall lie in the centre of the filter bands and 
so allow room for the signalling side-bands. If the 
multi-channel system itself is operated on a carrier 
channel the frequencies of the oscillators in the modu- 


Sending shunt 

steady line 
current 

Steady line 
voltage 

Characteristic 
distortion at 
50 bauds 

L 

n 

henrys 

ohms 

mA 

volts 

per cent 

9 

800 

10 

43 

5 

11 

440 

5 

28 

8 

3 

400 

6 

23 

5 

7 

660 

4-75 

33 

8 

0-7 

800 

4 

46 

6 


synchroscope panel; the letter " V ” or other suitable 
character is transmitted continuously from the tele¬ 
printer tmnsmitter (either directly or over the telegraph 
circuit in the case of a distant machine) into relay B of 
the synchroscope panel. Relay B, and also, therefore, 
relay A, operate once per character, the latter connecting 
the power supply intermittently to one side of a series 
of six neon lamps arranged in a circle. These lamps are 
energized in rotation from a brush driven from a mains- 
operated synchronous motor but geared down to the 
standard speed of the teleprinter transmitter. If, 
therefore, the teleprinter speed is correct, the same 
lamp flashes with each character transmitted. If, 
however, it is fast or slow, the flashes rotate at a speed 
which can be readily estimated and translated into the 
percentage speed error of the teleprinter. It will be 
observed that the method is dependent on the accuracy 
of the supply frequency. Experience has so far indi¬ 
cated that this may be relied upon to 0-2 per cent, which 
is adequate for the present purpose. To cover cases 
where controlled-frequency a.c. mains are not available, 
a 50-cycle valve-maintained tuning-fork unit has been 
developed. 

The ultimate solution to the question of teleprinter 
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speed control may be found in the use of synchronous 
motors. Ihe problem of design is not readily capable 
of solution, however, owing to the conflicting require¬ 
ments of noise, space, heating, starting torque, and 
running torque, while the difficulty of providing an 
accurate alternative supply in the event of mains failure 
must be borne in mind. A quantity of motors are now 
under field trial, but a decision as to their general use 
has not yet been made. 

(ii) Multi-frequency generators. 

These are governed electromechanically to an accuracy 
of d: 0- 25 per cent. At the lowest frequency (420 cycles 
per sec.) this error amounts to only 4; 1 -05 cycles per 


channel is normally used as an engineering speaker 
circuit on one of the systems between main voice- 
frequency centres, and the oscillators at the provincial 
centres are checked weekly against this channel from 
London. The ultimate standard at London is a thermo¬ 
statically-controlled valve-maintained 1 020-cycle fork. 
A successful substitute which is used where the above 
method cannot be adopted is to compare the tone of 
a good-quality 1 020-cycle tuning fork with that of the 
1 020-cycle generator supply in a headgear receiver. 

(b) Telegraph Distortion Measuring Sets 

The modern method of measuring and checking the 
performance of telegraph circuits is by observing the 
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Fig. 28. Synchroscope for checking transmission speeds of teleprinters. 

It..,.. NOTES. 

2.- WhJvIlfe supplj “t «fr?enrihc traaSorLI in°p"Ts?ould be SnneL°d remove strap shown dotted. 
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sec., but at the highest of the 18 frequencies (2 460 cycles 
per sec.) the error becomes 6 cycles per sec., which is the 
limit laid down by theC.C.I.T. (Avis No. 511).* It will 
be seen that the necessary percentage accuracy of the 
frequency of the carrier increa.ses in proportion to the 
frequency. It is unlikely that greater stability of a 
direct-current-Qriven multi-frequency generator than 
4: 0-25 per cent can be obtained in practice, and 
therefore if it is desired to continue the normal series 
of channels at 120-cycIe spacing appreciably above 
2 460 cycles per sec. it is best to do this on a carrier basis. 

In practice the multi-frequency generators are checked 
stroboscopically from a neon lamp flashing from a stable 
oscillator. The frequency of the oscillators is 1 020 cycles, 
corresponding to the 6th-channel frequency. This 
♦ See Bibliography, (6). 


time distortion suffered by certain specific test signals 
when transmitted over the channel. This permits of an 
exactness in the setting-up and maintaining of channels 
which was never secured by the older methods using the 
telegraph apparatus itself to check the working of the 
channel. The independent and indisputable nature of 
the check given by telegraph distortion measurements 
has beerf of great value in both the installation and the 
maintenance of the voice-frequency network. Indi¬ 
vidual channels are set up independently of the system of 
telegra,phy which may be worked on them when extended 
to an instrument room or renter’s office, and also inde¬ 
pendently of the fact that they may be required to form 
one link in a series of tandem-connected channels. 

Stroboscopic distortion measuring sets have been 
found the most convenient t 3 qpe for measuring line 
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distortion."'' In these sets the timing of the received 
signals is measured by means of radial flashes displayed on 
a circular time-base, the flashes being arranged to occur 
at the instants of modulation, i.e. when the receiving- 
relay armature moves across to the opposite side. The 
period of the time-base is arranged to be such that when 
the signals are distortionless the flashes are superposed. 
When distortion is present the flashes which should 
occur in the one place are spread over an arc, the extent 
of which gives a measure of the distortion present. 
A schematic diagram of the connections of the distortion- 
measuring set which is installed at all multi-channel 
voice-frequency terminals is given in Fig. 29. The 
stroboscope takes the form of a cathode-ray tube on the 
screen of which bright radial flashes denote the operations 
of the receiving relay. The circular time-base is pro¬ 
duced by means of the oscillator and a phase-splitting 


tester provides means for: (i) checking the perfoi'mance of 
a teleprinter transmitter; (ii) measuring the distortion 
in the lines and associated equipment; (iii) checking the 
performance of the receiving mechanism of the tele¬ 
printer, and measuring its margin. 

In this tester, the period of a revolution of the strobo¬ 
scope is equal to the duration of a whole teleprinter 
letter instead of one element; the flashes are therefore 
distributed round the scale at intervals corresponding 
to the modulation elements of the teleprinter signal. 
The transmitter is of the distributor type and sends 
continuous repetitions of any signal in the teleprinter 
code, as well as I : 1 reversals. The tester is shown 
schematically in Fig. 30. Five “ code keys,” wired to 
segments of the distributor, are used to set up the 
desired teleprinter signals. The sliding segment is 
insulated from the " start ” segment, part of which it 


System 

Test transmitter Under Test 



masks, and is used for varying the length of the start 
signal from normal. This is to enable varying amounts 
of distortion to be introduced into the transmitted 
signals, so that by sending these signals into a teleprinter 
the limit of permissible distortion before errors occur 
may be determined, thus giving a measure of the margin 
of the machine. The stroboscope consists of a neon tube 
mounted behind a radial slot in a rotating disc. Two 
methods of flashing the lamp are used. The first of 
these causes an instantaneous flash each time the receiv¬ 
ing-relay armature moves on to the opposite contact. 
This method is used for distortion measurements, the 
distortion being measured by the displacement of the 
flashes from their true position on the scale, the flash 
corresponding to the “ start ” signal being taken as the 
reference point. A typical display for a distorted signal 
is shown in Fig. 31. The points at which the flashes 
would occur on a distortionless signal are shown dotted. 
The second flashing circuit is used for testing for transit 
time and breaking or bounce at the transnoitting contacts 
of teleprinters or telepaph relays. In this case the 
lamp is flashed immediately the moving contact leaves 


resistance and condenser. The test signals are generated 
by a special transmitter designed to give a distortionless 
output. The transmitter gives signals having the 
following ratios of mark to space: 1/1, 2/2, 5/1, and 1/6. 
The test word “ Paris ” in morse, either ” straight ” or 
reversed, is also available. These signals have been 
found to be sufiiciently varied to meet all ordinary 
requirements in the setting-up of telegraph channels, 
but the standardization of a series of signals is under 
, consideration, by the C.C.I.T.f 

The use of an oscillator for driving the transmitter 
and receiver enables tests to be made over a wide range 
of telegraph speeds (usually 30 to 120 bauds) and facili¬ 
tates adjustment of speed when the apparatus is receiving 
from a distant distortion testing set. 

(c) Teleprinter Distortion and Margin Tester 

Complementary to the above line-testing distortion 
set, a tester specifically designed for testing teleprinter 
circuits and apparatus has been introduced.;]; The 

* See Bibliography, (33) and (37). 

(6)! No: sm® standardized. See^Bmiiography, 
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one side and is not extinguished until it reaches the 
opposite contact, and the breadth of the flash indicates 
the length of the transit time. Also, if breaking or 
chattering is present, flashes are produced each time 
this occurs. 



Fig. 30.—Teleprinter distortion and margin tester 
transmitter. 

The tester is being used in mechanics shops to check 
the transmitting and receiving mechanisms of tele¬ 
printers and to determine the causes of inefficient 
operation. It has also found considerable use in con¬ 
nection with the design of teleprinter circuits and 
mechanisms, as for this purpose the full stroboscopic 
display of a character is advantageous. In certain 



Fig. 31.—Teleprinter distortion and margin tester strobo¬ 
scope. Typical display of received signal (letter " R ”); 
distortionless signal shown dotted. 

cases it is useful to send the teleprinter letters from the 
transmitter at a lower rate than normal, a period of 
marking or spacing of 160 milliseconds or more being 
interposed between the letters, and this facility has 
been provided on sets used in laboi'atory investigations. 

(d) Automatic Testing Transmitter 

This is an arrangement whereby continuous repetitions 
of a test message in teleprinter code are provided for 


testing teleprinters and teleprinter circuits; it is par¬ 
ticularly useful when frequent or protracted tests are 
required. Reversals are also available, as well as the 
usual test sequence of alternate “ R ”s and '‘Y”s. 
Means are provided whereby, if desired, the signals may 
be given marking or spacing bias up to 26 per cent. 
The device, which was originally developed to enable a 
telephone operator to communicate with a telex sub¬ 
scriber who has his line switched to teleprinter, is shown 
schematically in Fig. 32. The transmitter is a dis¬ 
tributor having one segmented ring to give signals in 


+ 



Fig. 32.—Schematic diagram showing principle of operation 
of automatic test transmitter. 

Ml, M2, M3 = Contacts of message key. 

^ Denotes connections via contacts of “ RY " key (not sliown). 

the 7|-unit code and a second segmented ring for reversals. 
A 7-bank, 100-contact, rotary switch is made use of, 
and when sending the test message the wipers are 
stepped once per revolution of the distributor via one 
segment of the reversals ring. This segment is chosen 
so that the wipers move while the stop signal is being 
sent out. The contacts of banks Nos. Tto 6 are wired 
to positive and negative battery according to the code 
for the message, while the wipers are wired to the five 
code segments on the distributor. A homing arc is 
provided so that before the first message is sent out 
upon the operation of the “ message ” key, the switch 
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leturns to the home position, whereupon relay C operates 
and locks. When relay C operates, the transmitting 
relay and impulsing circuit are switched through and the 
message commences. The ” RY "s are obtained by 
he oj^ration of a key which connects the contacts of 
relay B to the distributor segments in place of wipers 
JN^os. 1 to 6. This relay operates on alternate contacts 
of bank No. 6, and its contacts are wired so that when 
normal the code for letter “ Y ” is obtained and when 
operated the code for letter “ R.” The switch steps 
once per revolution of the distributor, so that the 
letters ” R ” and “ Y - are sent out alternately. 


(e) Testing of Telegraph Relays 

While the stability of modern telegraph relays is 
such that adjustments are infrequent, the loss of margin 
that can result from maladjustment warrants the use of 
special relay testing equipment. The C.C.I.T. has laid 
down {Avis No. 618)* principles for the adjustment of 
relays which have been embodied in the relay test 
tables and test panels used in the British Post Office 
The tests cover the continuity and sensitivity of the 
hne windings, neutrality, contact time, and, when 
applicable, continuity and neutrality of vibrating coils 

(7) TREND OF DEVELOPMENT 

In the case of telephony, voice-frequency signalling 
methods and improvements in transmission technique 
have led to development in the direction of extending the 
automatic system to include the trunk circuits so 
avoiding the delays and costs of intermediate operating. 
Similarly in telegraphy, the elimination of probably 
60 per cent of the operating transactions and delays 
would be possible by means of through automatic 
switching from the office of origin to the delivery office.t 
The present voice-frequency network makes a frame¬ 
work for such a scheme which would have been com¬ 
pletely impracticable^ under the old physical line con¬ 
ditions. Telegraphy is now in a position to share in the 
rapid advances made in the telephone field, and its 
development need no longer suffer from the isolated 
nature of the plant and technique upon which this 
important branch of the telecommunications art until 
recently depended. 

Although the recent reduction in telegraph rates has 
reawakened interest in the public telegraph service and 
has resulted in an increase in inland traffic of some 
36 per cent, it is in the private teleprinter services where 
continual progress is assured. The teleprinter, with its 
typewriter keyboard, the elimination of the distance 
factor by voice-frequency methods, the stability provided 
by underground cables, and cheaper private-wire 
telegraph rentals, have placed at the disposal of the 
commercial world a new tool well in keeping with its 
modern tendencies. 

In conclusion, the authors wish to thank all those 
who have directly or indirectly assisted them in the 
preparation of this paper; and also Sir George Lee 
the Engineer-in-Chief of the G.P.O., for permission to 
publish the inforihation contained in it. 


* See Bibliography, (6). 


Ibid.., (4.7). 
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DISCUSSION BEFORE THE INSTITUTION, 19TPI NOVEMBER, 1936 


Mr. F. Gill: A portion of what I am about to say has 
been derived from the paper read before The Institution 
by Donald Murray in 1924.* 

The frequent references in the present paper to the 
recommendations of the C.C.I.T. constitute a testimony 
to the very valuable work performed by that body. 

The authors use the phrase " If . . . with the tele¬ 
printer as a mere accessory of the telephone. ...” If 
the teleprinter is an accessory of the telephone system, 
I presume it must be based on economy; but this method 
seems to require that one shall use telephone long¬ 
distance circuits, say, between London and Glasgow, 
and therefore be charged the same fees as for telephone 
circuits, thus losing the economy of the narrow-band 
telegraph circuits. I should have thought that there 
was a better economic case for an independently- 
operating telegraph system. 

Telegraph history, as presented in documents, is 
gloomy. The figures for the 12 years ending March, 

* Journal I.E.E., 1926, voL 63, p. 245. 


1935, show a decrease in gross income of nearly 30 per 
cent, but in spite of this the yearly deficit has been 
improved by 14 per cent. The number of telegrams 
decreased from 71 millions to 44 millions; if we add the 
36 per cent mentioned by the authors, then we may say 
that the traffic has decreased from 71 to 60 millions. 
But there are about 700 circuits (private and telex lines), 
which do not send ordinary telegrams, yet transmit 
messages telegraphically. The total number of tele¬ 
graph messages sent over these lines must be a con¬ 
siderable volume of traffic, which seems to have escaped 
the records. I think the total volume of communications 
transmitted over the telegraph equipment must be greater 
than appears in the official records. 

All over the world we get the anomaly that telephone 
systems can be made to pay whereas telegraph systems 
cannot; and one naturally asks, why ? Is not telegi'aph 
plant very much the same as telephone ? Analysing the 
functions of the two services, one arrives at these funda¬ 
mental differences; the telegraph constantly repeats its 
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message, the telephone does not—it switches end to end. 
The telegraph does a lot of clerical work, and it provides 
a stenographer, who types the message; the telegraph 
service must charge for the stenographer’s time; whereas 

the telephone subscriber meets that cost—^his own time_ 

without appi'eciating it. The telegraph service delivers 
by hand; the telephone delivers instrumentally. The 
telegraph service checks and accounts, in terms of words 
and distance (when necessary); the telephone service 
pays no regard to words—it checks in terms of calls, 
time, and distance (when necessary). The telephone 
service is very accessible, and is very quick compared 
with the telegraph. The latter, on the other hand, 
has an advantage in that it can deliver the answer in the 
absence of the person to whom the communication is 
directed. Operating and traffic expenses are about three 
times as great in the telegraph service as they are in the 
telephone service; and apparently the public is unwilling 
to pay a proper charge for the additional services which 
the telegraph performs. 

If this is true, does it not point to the desirability 
of gradually working towards a uniform system such as 
the authors have envisaged, with one telegraph switching 
system and one telegraph trunk network available to 
both the operator and the subscriber ? This would be 
an attempt to get rid of some of the special handicaps 
under which the telegraph system is working, and to 
benefit by the experience of the telephone service. 

Sir George Lee: This paper describes the middle 
phase of recent developments of telegraph trans¬ 
mission in this country. The first phase—the intro¬ 
duction of the teleprinter, coupled with the re¬ 
organization of the apparatus rooms and the installa¬ 
tion of conveyor belts, etc.—^was covered by Mr. R. P. 
Smith in 1932.“^' Following on that phase, which created 
a very large improvement in the telegraph service in this 
country, as it has done elsewhere, the application of 
voice-frequency transmission to telegraphs was taken 
in hand, and that is the work which is described in this 
paper. Much valuable work has been done by the 
authors and their associates in the application of what 
may be called " telephone technique ” to telegraphs, and 
the paper gives a very clear indication of the advances 
wMch have been made possible by this means. The 
application of voice-frequency methods has improved 
the reliability and accuracy of the service, but in addition 
it has very considerably cheapened the cost of line 
services. Allowance has to be made for the cost of the 
terminal equipment, but the line plant itself carries as 
many as 18 telegraph channels on one telephone channel, 
leading, as is obvious, to very much reduced cost. 

The cheapening of line plant has made possible the 
third phase, which is briefly referred to in the concluding 
part of the paper. The reference is to the application of 
automatic-telephone type switching to telegraphs, on 
which experiments are being made at the present time. 

We have had various switching systems before, which 
have died a natural death, but none which had relatively 
unlimited lines giving a no-delay service and automatic 
dialling. At present, if a telegram is handed in at a 
teleprinter office " A,” it is usually transmitted to a 
zone centre office “ B,” where it is taken down on one 

* Journal I.E.E., 193.S, vo). 72, p, ISn. 

VoL. 80. 
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teleprinter and passed over a convejmr belt to another 
teleprinter on an outgoing circuit to zone centre " C,” 
where it is again taken down and retransmitted to the 
distant reception office “ D.” Under the new scheme 
" A ” will dial " D ” direct with a 3-figure code and be 
tlirough in a few seconds to that office, where a tele¬ 
printer, already rotating, will signal back its call sign 
to indicate that the correct station “ D ■” has been 
reached. “ A ” will then transmit the message and at 
the conclusion will depress the “ Who are you ? ” key 
and automatically get the reply “ D," indicating that the 
line has been through to “ D ” and its teleprinter during 
the transmission. 

It is hoped that if the experiment is successful a 
description of this third phase will follow in another 
paper. 

Mr. C. J. Mercer: The methods described in this 
paper appear to me to mark the end of an era in tele¬ 
graphy—the era of d.c. telegraphy, which has lasted 
a century. It is just a hundred years since Morse took 
out his first telegraph patents. It is an era graced with 
names such as Kelvin, Morse, Wheatstone, Bain, Varley, 
Edison, and Baudot. The paper describes the manner 
in which the British telegraph service was converted 
from d.c. to a.c. transmission by the drastic method of 
scrapping all its apparatus except the teleprinter and 
disposing of all its line plant to another service. The 
new system was then built up by using voice-frequency 
apparatus and telephone lines in a combined telegi'aph 
and telephone network. These changes have resulted in 
a degree of economy, service, and flexibility in use, which 
was unapproached by the old method. 

At the end of 1931 nothing seemed less likely than 
a wholesale voice-frequency conversion. Nobody with 
experience of the older systems of voice-frequency 
apparatus dared to visualize a comprehensive system 
such as that described by the authors. Further, at that 
time we were in process of reorganizing the telegraph 
service by installing new panel equipment on what was 
known as the Leeds system.* In December, 1931, 
however, the first circuit (London-Dundee) equipped 
with a new voice-frequency appamtus came into opera¬ 
tion. It was an immediate and unqualified success, and 
it altered the whole outlook on the voice-frequency 
problem. We engineers in the telegraph branch, who 
had been inclined to put aside any idea of large-scale 
voice-frequency equipment, altered our views as the 
result of the improvements to be obtained from this 
equipment. The telephones were in need of lines, and 
it was subsequently agreed that the telephone branch 
should take over the whole of the telegraph network, 
thus leaving the way clear for a huge development of 
voice-frequency telegraphy. As to the economics of the 
change, the telegraph service was credited with some¬ 
thing over £2 000 000 for the lines it handed over to the 
telephone service. The telephone service really got a 
good bargain, because they received all the benefits of 
accrued depreciation, but as many of these cables had 
been in use for 25 or 30 years I think we on the telegraph 
side were quite satisfied with our side of the bargain. 

The actual saving on the voice-frequency scheme, as it 
existed when the first big block of it was complete, and 

* See R. P. Smith: Journal I.E.E., 19.33, vol. 72, p. 189i 
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after we had had a year’s working of that block, was 
between £130 000 and £140 000 a year. 

The voice-frequency network possesses future possi¬ 
bilities and advantages which cannot at present be 
expressed in terms of money. The authors have touched 
on some of these, and I think the most important is the 
one which formed the subject of the demonstration, and 
which Sir George Lee has dealt with in some detail. 
An important point in this connection is that a through 
switching system is more likely to be successful if the 
traffic is evenly distributed than if it occurs in big blocks 
here and there, with sparse traffic areas in other places; 
the traffic returns which have been obtained appear to 
show that the traffic is in fact evenly distributed. The 
authors quote 4 to 5 minutes as the average time lost 
per channel with the voice-frequency system. Under 
the old d.c. regime we w^ere never able to reduce the 
corresponding figure much below 40 minutes, in spite of 
much effort having been expended in that direction. 

One result of the use of a joint telegraph-telephone 
network was the necessity for tightening up line- 
maintenance procedure, and, in the case of the telex 
service, to redesign certain items of telephone equipment. 
Small sources of trouble, unsuspected on the telephone 
system, but nevertheless prejudicial, were shown up 
clearly when a circuit was used for telegraphs. The 
advantages to be derived from a joint network are thus 
mutual, and technical as well as financial in relation to 
both services. 

Mr. A. E. ThompsonThis paper reveals that the 
most modern methods and the most modem mechanisms 
have been employed in remodelling the inland telegraph 
service. It also focuses attention on the valuable service 
which the C.C.I.T. is doing in defining the technical 
conditions to be met in providing the most efficient and 
dependable telegraph service over international lines. 

During the past few years there have been striking 
improvements in the telegraph practice of the British 
Post Office, and it may be said with justice that these 
improvements have been made possible by the intro¬ 
duction of the teleprinter and the voice-frequency carrier 
telegraph system. The teleprinter has practically 
doubled the traffic output of the operators, and by 
removing the need for telegraphic skill it has opened up 
a much wider field of operations, while the voice- 
frequency system has enabled the telegraph to obtain 
the maximum benefit from its inherent economy in the 
use of frequency band width. 

Looldng to the future, the authors indicate that the 
next advance will be the introduction of through auto¬ 
matic switching between the office of origin and the 
office of destination. This will undoubtedly achieve 
a great simplification in method, and by eliminating 
retransmissions it will raise the standard of accuracy to 
a higher level and secure substantial savings in operating 
costs. It seems doubtful, however, whether these 
economies alone will be sufficient to turn the telegraph 
service into a revenue-earning concern. Would it not 
be possible to vitalize the service with a large volume of 
new traffic by connecting large commercial users to the 
nearest telegraph offices on the switching network, and so 
provide person-to-person teleprinter communication at 
rates considerably lower than for telephone service over 


corresponding distances, and more in line with the rates 
for the Tariff A private-wire services, which are growing 
so rapidly and bringing in so much additional revenue ? 

Referring to Figs. 8, 9, 10, and 11, it will be noticed 
that the results of the range of tests at 66 bauds (Fig. 10) 
do not conform with the results obtained at the lower 
and higher speeds. The increase in distortion involved 
in adding from two to six links is very small indeed. 
Does this not indicate that there is an optimum speed of 
working; and, if so, is it not possible to adjust the channel 
conditions to suit the standardized teleprinter speed 
of 60 bauds ? 

Mr. F. E. Nancarrow: This is, I believe, the first 
time that the subject of telegraphy has been brought 
before The Institution in the garb of a science rather than 
an art. In order to complete their record of present 
telegraph practice, I would suggest that the authors 
include in the final record of the paper some mention of 
the “ ancillary ” method of telegraph operation which 
has been introduced into the main telegraph centres of 
this country during the present year. I would also 
suggest that it might be more convenient if the authors 
modified their references to the Avis of the C.C.I.T. so 
as to bring them into conformity udth the rationalized 
numbering scheme which was agreed upon at the recent 
C.C.I.T. meeting at Warsaw,* 

I am interested to note that the authors emphasize the 
private-wire telegraph services, which in the next decade 
in this country will doubtless approach, if not exceed, 
in magnitude the public telegraph services. There is no 
doubt as to the demand which at present exists for the’ 
rapid transference of written matter from one place to 
another, e.g. between head offices of industrial concerns 
and their works or branches, and I am quite sure that this 
demand will grow as time goes on. Full account is being 
taken of this demand for private teleprinter communica¬ 
tion in all the development work which is going on at 
the present moment. 

Mr. A. J. Aldridge: There are two points which 
appear to me to stand out in this paper. The first is 
the fact that it has been shown to be possible to make 
the radical change-over to teleprinters and to the voice- 
frequency system, throughout a whole country, without 
interference with normal worldng. This change has been 
effected with remarkable speed and efficiency. 

The second point is the evidence that has been given 
that telegraph transmission is now becoming a science 
rather than an art. Instead of trial-and-error methods 
of adjustment it is now possible to make accurate 
transmission measurements of the links in a telegraphic 
chain, and to be reasonably certain of the result when 
the links axe coupled up. 

Modern inland telegraphy is becoming more and more 
like telephony. In fact, the line problems of the two 
are practically the same, and it is only in the terminating 
links and instruments that the differences appear. In 
telephony it has been realized for some time that the old 
standard of transmission comparison, by volume alone, 
was inadequate, and attention has been drawn more and 
more to questions of quality, and elimination of dis¬ 
turbance. The distortion testers described in the paper 
are instruments designed to measure quantitatively what 

* This has since been clone for the Journal. 
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IS, in effect, the telegi'aphic equivalent of telephone’ 
articulation, so that telegraphy has advanced in one step 
from practically no standard to a first-class standard. 

These testers mil measure the signal distortion to 
witliin 1 or 2 per cent, and the importance of this in 
design and maintenance need not be stressed. Of the 
two testers described, one, that used on the voice- 
frequency system, gives a kind of average distortion, 
while the other measures the individual distortion of each 
signal element. Perhaps the authors could give a little 
more infonnation on the relative advantages of the 
two schemes. 

The authors malce a few comments on the relative 
meiits of the telex system as used here, where trans¬ 
mission occurs over the normal telephone network, and 
the teleprinter exchange system, working over its own 
circuits. There are many technical difficulties to be 
overcome in telex working. The equipment is installed 
at the subscriber’s office and must function without 
adjustment over lines of from 0 to 30 db attenuation, of 
all types, with and without echo-suppressors,, and despite 
all the possibilities of trouble from the telephone exchange 
equipment. These difficulties have, however, been over¬ 
come, and on the face of it it would appear that the telex 
system employed in this country should be the more 
economical. On the other hand, in America, I believe, 
the teleprinter exchange system has been adopted, 
presumabl}^ for good reason. Can the authoi's state 
wlty the tw’o countries have adopted different systems ? 

In Fig. 5 the authors show how faults and fanlt costs 
have gone down since the introduction of the voice- 
frequency system. This is due partly to greater ex¬ 
perience obtained with time, and partly no doubt to the 
special training now given to the men. At the central 
training school at Dollis Hill, five courses are given 
covering telegraph woi’king. These vary in length from 

to 6 weeks each, and, in all, about 450 men are trained 
yearly. 

.Mr. V. J. Terry: Heading thi-ough the section on 
distortion (page' 241), one cannot help regretting the 
clumsy nomenclature of the C.C.I.T. The ” charac- 
teristic instant of modulation ” needs at least a nickname. 

Signal ” is perhaps the best one we can find for it, 
and this has long been used to denote both the 
characteristic instant ” itself and the transient events 
which surround it. It is a pity, therefore, that the 
authors use the word ” signal ” to indicate the combina¬ 
tion of "characteristic instants of modulation” which 
p to make^ up a letter, or, as I prefer to call it, a 
character.” No one, except perhaps musicians, will 
quarrel if we abbreviate " elements of modulation ” to 
“ intervals.” A neat expression is still needed for the 
time unit.” I would suggest "chronon” for this, 
but not without a fear that I am stealing a term which 
physicists will need if it turns out that time passes in 

imnute, but finite, periods, corresponding to quanta 
of energy. ^ 

On the other hand, I cannot agree with the implication 
[contained in Section (2)(c) of the paper] that the 
C.C.I.T. definition of distortion would be of more direct 
practical application if modified to make allowance for 
the special circumstances surrounding the all-important 
start signal. 


In teleprintei practice, a minimum stop interval of 
1| " chronons ” is not universal. In places where the 
7-unit code is used the maximum distortion is liable to 
fall both on the start signal and on another signal in the 
same character, and a distortion-measuring set which 
distinguishes between the start and other signals will 
therefore give the same maximum distortion as one 
working in accordance with the present definition, but 
only if the observations are continued for a sufficiently 
long period. Phe piesent definition gives the quickest 
and most accurate measure of telegraph quality in the 
general case. 

A paper recently published elsewhere* puts forward 
the theory (based on the laws of probabifity) that in a 
telegraph channel consisting of a number of links con¬ 
nected in tandem, the probable maximum distortion 
should be equal to the square root of the sum of the 
squares of the maximum distortions of the links measured 
separately. This theory a.pplied to the author’s measure¬ 
ments, which are recorded in Figs. 8, 9, 10, and 11, would 
make the probable maximum distortion of a tandem 
connection proportional to the square root of the number 
of links, but in practice the relationship between the 
number of links and the maximum distortion is almost 
linear. The explanation may perhaps be found in the 
fact that when a large number of links are connected 
together the signals passing through the last few links 
ai*e so distorted that the minimum interval is sub¬ 
stantially less than 1 " chronon,” and the speed of 
working (which is the reciprocal of the minimum interval) 
is effectively increased, possibly near to the point at 
which the link is liable to fail. This is likely to produce 
a further large increase of distortion in the links affected, 
so that the maximum distortion of the tandem combina¬ 
tion increases more rapidly, with the addition of further 
links, than would be anticipated from a theory which 
assumes that the distortion in each link is independent 
of the number connected together. It would appear, 
however, to be a mere accident that this effect should 
so modify the result as to make the relationship approxi¬ 
mately linear. To determine with accuracy what law 
the additions of distortion follow, a larger volume of 
data is really required. It is therefore to be hoped that 
telegraph engineers will make a common pool of suitable 
measurements in order that this important problem 
may be solved. 

Except in submarine cable practice, regenerative 
repeaters do not appear to be used extensively, in spite 
of the almost magical property which enables them to 
restore to virtual perfection signals distorted by random, 
as well as systematic, errors. It would be interesting 
to know how many are actually used on landlines in the 
British Isles and whether the authors consider that 
future improvements in telegraph transmission are likely 
to keep pace with the growth of tandem coianections, so 
that satisfactory overall transmission will continue, to be 
possible without regeneration in all but a few special cases. 

^ In Section (4) (c) (i) an explanation is given of the 
distortion arising from half-wave rectification, together 
with figures for the magnitude of this effect. This 
explanation and these figures are given in reference to 

“A Transmission System for Teletype- 
p 9C1 Service, Transactions of the American I.E.E., 1S36, voL 55, 
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cases where a wide band of frequencies is transmitted so 
that the envelope of the voice-frequency currents is 
almost ” squared’ They do not apply, however, when 
only a narrow band of frequencies is transmitted, and the 
build-up and decay of the voice-frequency currents take 
several whole cycles of the carrier wave. In this case 
the distortion due to half-wave rectification may be very 
much smaller, and may even be reduced to the point 
where it is comparable with the less-lmown distortion 
produced in narrow-band channels, by modulating the 
carrier current by " square ” signals. For the half-wave 
detection of voice-frequency signals, some form of 
smoothing circuit is essential after the rectifier. This 
may take the form of a condenser shunting the inductive 
winding of the receiving relay, or it may be the mechanical 


half-w'^ave rectifier is equal to the peak amplitude of the 
steady carrier current multiplied by IJtt. If allowance 
is made for the time-delay in the smoothing circuit, and 
if the amplitude of the wave to be rectified is not 
varying rapidly, it is fairly accurate to assume that, at 
the moment in each cycle when the unsmoothed current 
attains its maximum value, the ratio of the unsmoothed 
current to the smoothed current is l/rr. The continuous 
thin line in Fig. A shows the build-up of voice-frequency 
curi-ent in a typical narrow-band channel in response to 
a positive signal. The heavy line shows the corresponding 
smoothed rectified current, and the ci'osses mark values 
equal to the peak amplitudes of the positive half-cycles 
multiplied by I/tt. The heavy dotted line represents the 
smoothed rectified current displaced in the time scale so 



Fig. A 

-Envelope. 

- Voice-frequency current in observe phase. 

. Voice-frequency current in reverse phase. 

X X X X — X (Peak values of positive half-cycles of voice-frequency current in obverse phase). 

O O O O — X (Peak values of positive half-cycles of voice-frequency current in reverse phase). 

• . — Smoothed rectified current. 

, Smoothed rectified current displaced in the time scale. 


inertia of the armature itself. In any case it is desirable 
that the constants of this circuit should be such that the 
final output of the detector, whether it be a current or 
the movement of an armature, does not contain appre¬ 
ciable components of the carrier frequency. It should, 
however, transmit efhciently, and without serious phase 
distortion, currents or movements at all frequencies up 
to, and a little beyond, one half of the effective band 
width of the voice-frequency transmission path, when 
a linear rectifier is used. When a square-law half-wave 
rectifier is employed, about double the frequency range 
should be transmitted by the smoothing circuit. With 
such a smoothing circuit, a linear half-wave rectifier 
gives an output which is a delayed and diminished 
replica of the envelope of the voice-frequency input 
current, and the form of the smoothed rectifier current 
is independent of the phase of the voice-frequency current 
in relation to the signal (" characteristic instant of 
modulation ”). Fig. A illustrates this point. The final 
amplitude of the smoothed rectified current with an ideal 


as to pass through the crosses. If the phase of the 
voice-frequency wave is reversed, as shown by the thin 
dotted line, the smoothed-current curve (displaced) still 
passes through points (marked by circles) which denote 
the peak values of the unsmoothed current multiplied 
by I/tt. The same is true for all phases of the voice- 
frequency wave in relation to the signal. By reversing 
the time scale and displacing the rectified-curi'ent curve 
to the left. Fig. A can be made to give also the decay of 
current representing a negative “ signal,” and it will thus 
be seen that the phases of the carrier wave at the signal 
instants need occasion no displacement of one signal 
with reference to another when half-wave rectification is 
employed. It is, however, easier to provide the neces¬ 
sary smoothing and to approximate to the ideal con¬ 
ditions when using full-wave instead of half-wave 
rectification. 

Mr. R. O. Carter: On pages 251 and 252 [Section 
(3) (A)j of the paper the authors refer to an experimental 
8-channel super-audio telegraph system working between 
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London and Newcastle. Some account of recent experi¬ 
mental work on this system may be of interest. The 
carrier terminal equipment is the same as is used on the 
standard Post Office “ one plus one " carrier system, 
which normally operates over a circuit having 22-mH 
loading, and then gives one complete telephone carrier 
channel in addition to the audio channel. In the present 
case the loading is 44 mH, and the useful frequency range 
extends up to about 4 300 cycles per sec., so that the 
carrier channel is too narrow for speech but wide enough 
for a number of telegraph channels. To avoid confusion, 
it may be called a *' one plus a half ” carrier system. 

Tests have been carried out to see whether it is 


to be selected so that the total interference is no worse 
than that obtained on the normal 18-channel systems. 
In measuring the signal/interference ratio, it has been 
found convenient to employ a cathode-ray oscillograph 
as a peak voltmeter, by connecting it, via a suitable 
amplifier, to the output of the receiving filter of the 
telegraph channel under test. This method is of par¬ 
ticular advantage when measuring interference arising 
from speech, as the peaks of interference occur only 
occasionally. 

(2) Marking interference. This arises from the change 
of overall gain of the trunk circuit with the power level 
transmitted, and is also caused by non-linearity in the 




ii) 


Fig. B 


(a) “ Bridged ” type limiter. 

[b] “ Transmission ” type limiter. 


possible to obtain the same high grade of performance 
on these telegraph channels as is obtained with the 
18-channel system operating on a plain voice-frequency 
circuit. Two causes of telegraph distortion have to be 
investigated:— 

(1) Spacing interference. This is caused by non¬ 
linearity in the repeater-valve characteristics and in the 
loading coils. Some of the products of intermodulation 
of the various frequencies being transmitted will fall 
within the band-width of any particular telegraph 
channel, where they will cause distortion of the received 
signal. In the case of a normal 18-channel system, 
tests on a number of working systems have shown that 
the level of this interference reaches peak values of about 
18 to 21 db below the desired signal. In the “ One plus 
a half ” system, spacing interference arises not only from 
the intermodulation of frequencies transmitted on the 
other telegraph channels, but also on account of speech 
on the audio telephone channel. Working levels have 


valves and loading coils. The result is that the level of 
received signal on any telegraph channel is different, 
when other frequencies are also being transmitted over 
the circuit, from the level when no other frequencies are 
transmitted. On normal 18-channel systems the change 
is less than 1 db. If we attempt to work the super-audio 
system at the same transmitted level per channel, the 
marldng interference is worse, owing to the fact that the 
effect on the circuit attenuation of a given change of 
inductance or effective resistance of the loading coils is 
greater at frequencies close to cut-off than at lower 
frequencies. 

In order to reduce these two types of interference in 
this 8-channel system the possibility has been investigated 
of limiting the maximum speech voltage transmitted on 
the voice channel to a lower value than on the " one 
plus one " carrier system. Fig. B shows the type of 
limiter normally fitted, and also a modified type. The, 
first consists of a transformer bridged across the line. 
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to the secondary winding of which a pair of copper-oxide 
rectifiers are connected, a bias voltage being applied. 
When the speech voltage developed across the rectifiers 
exceeds the bias voltage, the rectifiers conduct, and the 
impedance bridged across the line drops to a low value, 
thus reducing the peak voltage transmitted. In this 
an'angement the limiting action is reduced by the 
resistance of the windings and by the leakage inductance 
of the transformer, as the impedance cannot fall below 
the primary impedance with the secondary winding 
short-circuited. In the modified circuit the deleterious 
effect of the resistance and leakage inductance is 
eliminated by the addition of a second transformer, the 
whole arrangement being inserted in the transmission 
path instead of as a bridge. The limiting action depends 
then only on the resistance of the rectifiers in the con¬ 
ducting direction. The curves relating the input level 
(i.e. the level which would exist if no limiter were inserted) 
to the output peak value for each type, show the improve¬ 
ment obtained. The “ bridged ” type is, of course, 
simpler, and is perfectly satisfactory for the purpose for 
which it was designed. 

By reducing the bias voltage to 1 ■ 6 volts (the normal 
value is 3 volts) and adopting the modified circuit, an 
improvement in limiting at high levels of about 6 db is 
obtained. This in turn reduces the spacing interference 
arising from speech on the voice channel by about 12 db. 
Tests show that the articulation is unaffected. 

In conclusion, though it appears probable that, with 
careful selection of worldng levels, a performance equal 
to that of the normal 18-channel systems will be ob¬ 
tainable, it is considered that the ideal solution would 
be the provision of repeaters employing negative feed¬ 
back, which would eliminate, for all practical pirrposes, 
the intermodulation in the repeaters and leave only that 
in the loading coils. 

Mr. E. S. Ritter: On page 243 the authors say: " The 
value fixed by the C.C.I.T. for practical purposes is 
35 per cent." Further, on page 247, they say: “ The 
C.C.I.T. has laid down that the total distortion of a 
telegraph circuit must not exceed 28 per cent and that 
the distortion of each link in the circuit shoiald not 
exceed 10 per cent when measured as a separate circuit.” 
If, say, 5 per cent distortion is added for the variation 
of distortion in the transmitter, which leaves a distortion 
of 33 per cent, 35 per cent margin is specified for the 
receiving instrument; is the 2 per cent margin of variation 
sufficient for reliable operation ? 

Another point which I want to bring out is this: 
At present two teleprinters working together on a circuit 
may, if required, be adjusted in speed to a difference of 

per cent. The speeds are adjusted to a standard of 
i per cent, but if one has a number of machines 
such as work together on switched connections the 
possible variation of speed is twice the tolerance, i.e. there 
is a possible difference of speed of 1 per cent; so that the 
closer one can set speed to a standard the better the 
operating margin. Now, in connection with switched 
connections, the point I wish to make is that at the 
receiving end, owing to there being chance traffic, more 
receiving machines than senders are required on any 
given circuit, and when the switching system comes into 
operation it may therefore be desirable to have tele¬ 


printers without keyboards, as they will only be required 
for receiving purposes. 

As telephone engineers have shown telegraph engineers 
how to work their system by the multi-channel and other 
voice-frequency methods, perhaps telephone engineers in 
future will learn from the telegraph engineer how to 
send distortionless dialling pulses over the telephone 
network. 

Mr. W. F. Bevis : .From Table 4 it appears that the 
inductance values for the sending shunt have each been 
measured at a nominal current value. In recent experi¬ 
ments, using this method of transmission, it became 
apparent that a knowledge of the variation of the 
inductance with the changes in current values is required 
to obtain the optimum transmission. Since there is a 
rapid rise and fall in sending current owing to the transient 
surge into the cable, it has been found that coils in which 
the inductance decreases with an increase in current— 
brought about by the saturation of the core—^may be 
used to advantage. In the recent experiments referred 
to, use has been made of the saturation effect of the core, 
and this actually brings about improved transmission. 
From a practical aspect this is very valuable, because 
not only is transmission improved but the physical dimen¬ 
sions of the coil may be considerably reduced. 

Mr. H. H. Harrison ; It would be extremely interesting 
if a diagrammatic comparison could be made between 
the network shown in Fig. 6 and the same network 
emplo 3 dng, as would formerly have been necessary, the 
forked repeater. The difference between the linldng 
arrangements that would have had to be used in the old 
days (even if such a network as that of Fig. 6 had been 
possible) and the combiner arrangement of Fig, 7, is 
very striking. 

Mr. Nancarrow and Mr. Aldridge referred to the fact 
that telegraph transmission is now developing on a 
scientific basis. In the early days the only data on inland 
transmission that were available were a few curves 
connecting telegraph speeds and length of line. Curves 
representing the reciprocal values of CR and line length 
were slid up and down vertically until they fitted the 
observed results sufficiently satisfactorily. These results 
could not be applied to composite circuits; and, more¬ 
over, the tolerance was much top great owing to the 
fact that the receiver was a human being with a brain, 
and if there was a tendency for dots to drop or dashes to 
run together the record strip could still be interpreted. 
With the machine, however, this discriminatory function 
does not exist, and if a signal does not possess reasonably 
good quality a wTong letter is recorded. The machine 
itself adds sources of signal distortion in excess of those 
inherent in the older, simpler, appamtus. 

I should like to confirm the utility of the distortion¬ 
measuring set described in Figs. 30 and 31. Almost as 
soon as this apparatus appeared my company constructed 
a rough model of it for use in connection with a regenera¬ 
tive repeater we were making, and the amount of 
information we were able to obtain by this means as to 
the performance of various details of the repeater was 
really extraordinary. 

In conclusidn, I should like to suggest to the authors 
that they make certain additions to the Bibliography. * 

* This hasheen done for the Journal [Items {4A), (45), and (4G), on page 208. 
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Mr. T. W. Leek {communicated): In Section (7) I think 
the authors could, with advantage, have amplified their 
observations and given a more definite indication of how 
it is proposed to adapt the inland telegraph service to the 
conditions of automatic telephony. Presumably the 
scheme is intended to operate on a national basis, each 
individual operator being in a position to dial direct to the 
delivery office in any other part of the country. Is this 
operation to be performed over the existing voice- 
frequency network plus physical extensions, or will it 
entail the linking of voice-frequency channels to the 
trunk telephone system ? I think it will require a large 
increase in both voice-frequency facilities and physical 
extensions. 

The economic value of the pi'oposed scheme seems to 
me to lie between operating costs and line and apparatus 
costs. There would no doubt be considerable saving in 
operating charges at the present intermediate points, 
though this would, to some extent, be offset by increased 
charges at the originating offices unless some special 
precautions were taken to provide for ” engaged " con¬ 
ditions and checking of operator output. The apparatus 
required would be expensive, taking into account the 
number of variations to be allowed for—such as distribu¬ 
tion, calling, completion of connection, clearing, and 
engaged signals, etc. Additional line costs, though 
considerable, would, talcing into consideration the 
extensive voice-frequency network already existing, 
form not too great a proportion of the total expenditure! 

As regards supervising of operator output, I have in 
mind the conditions existing on the present telephone, 
telegram, typewriter system, which is, in some respects, 
analogous to the proposed scheme. My own experience 
of the former has led me to the conclusion that con¬ 
siderable operator time and line time are avoidably lost by 
the difficulty of supervising each call from its inception 
to its termination; and unless some special precautions 
are taken to deal with this aspect in the new system. 


I am afraid it will lend itself to an extension of these 
undesirable features. 

One other question I should like to ask concerns the 
generation of the required frequencies. As I understand 
it, at present a frequency generator is required at both 
voice-frequency terminals on a system, and this generator 
can supply up to 18 channels. Traffic at many of the 
smaller stations will only be sufficient to warrant the 
provision of one or two physical extensions to the main 
voice-frequency network. If a system could be devised 
whereby the frequencies for both go and return lines 
could be generated at the main office, the out-stations 
would be independent of local supplies and the 18 channels 
could be divided between a number of them, eliminating 
the physical extensions. This, I think, would result in 
greater flexibility and would have the advantage of 
bringing practically every station on to the voice- 
frequency system. I should like to know^ whether any¬ 
thing of this nature has yet been attempted. 

Dr. L. E. Ryall {communicated ): The authors are no 
doubt familiar with the echo-suppressor shown in Fig. 20 
because of the transmission problems associated with it 
in conjunction with telex working. Even with the 
modification indicated, satisfactory operation cannot be 
obtained unless the transmission time of the circuit 
from the suppressor station to the receiving terminal 
and return is of the order of 4 to 5 milliseconds. This 
type of echo-suppressor has now been superseded for all 
new installations in Great .Britain by the differential 
echo-suppressor.* Because of the differential feature its 
operation is entirely satisfactory even when the sup¬ 
pressor is located at the terminal station, and its presence 
on circuits used for telex cannot adversely affect the 
telex operation. 

[The authors’ reply to this discussion will be found 
on page 282.J 
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Mr. William F. Smith: Telegraphy and telephony mumber of out-stations that can be communicated with 
each has its own particular field of application to every- 
da,y life, but they are inseparable in the research labora¬ 


tory. The rapid telephone development in recent years 
has been made possible, in large measure, by the develop¬ 
ment of voice-frequency transmission of telegrams, 
which has enabled many of the old telegraph cables to be 
made available for telephone purposes after recon¬ 
ditioning. At the same time the provision of telegraph 
channels on the voice-frequency principle has made 
possible, economically, a far larger network of com¬ 
munication “ lines,” as is indicated in Fig. 2. 

I am a little disappointed that more reference is not 
made in the paper to the problem of telex versus tariff A. 
The scope of telex, which provides both telephone and 
telegraph facilities, seems almost unlimited, its popularity 
increasing with the number of such subscribers. There 
appears to be no advantage in the tariff A system except 
that of cost, and it would appear better to facilitate the 
development of telex by reduction of charges so that the 
need for tariff A service is removed. 

It is stated that in the telegraph broadcast system the 


simultaneously is limited by the number of teleprinters 
installed at the central office. This is not clear, since 
the feature of the system is that one message can be 
simultaneously received at a number of points and . only 
one machine would be necessary at the central office. 
The limit to the number of out-stations would seem to 
be fixed by the transmission qualities of the lines con¬ 
necting to the central office. 

It is interesting to note the marked reduction in 
apparatus faults, and particularly the improvement 
attained by the change to copper-iridium contacts on the 
receiving relays. The curve, of Fig. 5 showing the 
maintenance cost presumably includes routine main¬ 
tenance as well as fault maintenance. The reduction 
in the total maintenance figure would probably be 
accounted for more by the increased number of units 
installed which could be attended to without increasing 
the maintenance staff, than by the improvements 
effected in apparatus design. 

Referring to Fig. 12 and Table 2, it can be appreciated 
that the distortion may not be proportional to the length 
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of line, but it is not clear why the distortion should in 
some cases increase with distance and in others decrease. 

Mr. T. Jordan : On page 240 of the paper, it is stated: 
“ Cable companies, news agencies, and newspapers, make 
considerable use of duplex point-to-point circuits for 
speeds up to 100 words per minute Wheatstone, or the 
equivalent.” I suggest that these circuits should be 
described as 2-line simplex circuits rather than as 
duplex. Referring to the speed in words per minute, 
it is known that a local renter has obtained and worked 
a speed of 125 words per minute on the voice-frequency 
system, which, converted to bauds, is approximately 100. 
Seeing that the system was designed for 66 bauds, this 
example shows the wide margin obtainable. 

On page 245 the authors quote the average time taken 
for a change of system as being 8 minutes. I think this 
figure is rather high, more especially in view of the fact 
that a report is called for if a stoppage on any system 
lasts for more than 5 minutes. 

Among the benefits resulting from recent developments 
perhaps the greatest from the engineering point of view 
is standardization, and the removal to a large extent 
of the human element both from the maintenance side 
and from the telegraphic side. With regard to the 
efficiency of the teleprinters, from experience of some 
of the earliest circuits I can say that very great progress 
has been made. Originally the method of testing the 
speeds of teleprinters was by stroboscope; when it was 
required to know whether the distant machine was 
correctly adjusted for speed, the answer usually received 
was ” I can see nothing but a white ring.” By the 
introduction of such pieces of apparatus as the synchro¬ 
scope, these ” persistencies of vision ” are avoided and, 
in consequence, slight variations of the general conditions 
have not the same effect upon the working of the 
circuits. 

Mr. J. A. Stanfield : On page 240 the authors speak 
of tariff A circuits as ” simplex I suggest that they 
are still "half-duplex.” Regai'ding the sharp decrease 
in channel faults coinciding with the change from 
platinum-iridium to copper-palladium contacts on 
receiving relays, it will be observed that about the same 
time the rate of installation of equipment had slowed 
down considerably, bringing with it a more or less 
settled state of maintenance and routining in the repeater 
stations. It is in my opinion more likely that this 
return to normal conditions was more responsible for the 
reduction in the number of faults than the change of 
relay contact metal. It would seem that the contacts 
still ‘ pit ” and " liill ” considerably, and that the 
transfer of metal has reversed itself with change of 
contact material; that is, whereas with platinum iridium 

NORTH MIDLAND CENTRE, AT 

Mr. W. R. Tyson : The fact that The Institution was 
formerly The Society of Telegraph Engineers suggests 
that during the early days its discussions were mainly 
concerned with telegraphs and telegraph development. 
Some years later, the phenomenal development of the 
heavy side of the electrical industry naturally resulted in 
telegraph intei'ests being pushed into the background, 
where they lay, more or less moribund, for half a century 


there was a build-up on the marking contact, now we 
get a build-up on the spacing contact. 

The distortion figures on page 250 are very interesting, 
but I suggest they be made round figures, in view of the 
fact that distortion readings on the normal telegraph 
distortion measuring set cannot be read to greater 
accuracy than 2 per cent. 

As the speed on a voice-frequency channel is increased, 
the received signals tend to become more biased to 
" mark,” until a point is reached when this effect cannot 
be compensated for by bias adjustment. Is this due to 
transient effect? 

It fills one with apprehension to see any mention of 
more than three voice-frequency links being connected 
together, and I hope it will never be necessary to have 
more than two voice-frequency links where high-speed 
circuits are concerned. 

Mr. James Anderson (Newcastle): There is a 
method, I understand, of measuring the attenuation of 
the filters associated with the multi-channel voice- 
frequency equipment, by means of the carrier frequency 
of any particular channel (which may be obtained cit 
the " carrier frequency test jacks ”) and the amplifier- 
detector and its associated potentiometer, the la.tter being 
calibrated in decibels. I shall be glad if the authors will 
describe this method. 

The introduction of the multi-channel voice-frequency 
telegraph system marks a big step forward in the 
British Post Office telegraph system, as it means that 
18 go and 18 return channels may be worked over a 
4-wire repeatered cable circuit, thus making spare 
a number of wires in telegraph cables, which, after 
reconditioning, can be used for the setting-up of new 
telephone circuits. Further, in the case of a breakdown 
in the 4-wire telegraph system, it is the work of a few 
moments to transfer the circuit to another 4-wire line, 
thereby causing very little delay in the transxnission of 
messages; also, in the case of a complete cable break¬ 
down, an alternative route may be chosen. 

Formerly, owing to the large capacitance of under¬ 
ground cables, very long telegraph circuits were usually 
worked over aerial lines. The introduction of the new 
.system of telegraph signalling, together with the use of 
loading coils, now permits these aerial circuits to be 
worked in underground cables. This has enabled the 
Post Office to transfer main telegraph circuits from aerial 
lines to underground cables. This is a decided advan- 
tage, both from an economic maintenance point of view 
and on account of the fact that underground cable.s arc 
relatively immune from the effects of storms. 

[The authors’ reply to this discussion will be found on 
page 282.] 

LEEDS, lOTH NOVEMBER, 1936 

or more. Since the War, however, there has been a 
great reaction; the thermionic valve has revolutionized 
transmission methods, while operating practice has been 
completely reorganized by the introduction of the tele¬ 
printer, and once again interest in telegraphic matters is 
well to the fore. 

In reading the paper one is rather struck with the 
emphasis placed on distortion, the need for eliminating 
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it, and the steps taken to effect that elimination. Now 
telegraphic communication may be reduced, more or less, 
to the transmission of rectangular wave-forms, and one 
is rather inclined at the outset to wonder why in tele¬ 
graphic communication involving a moderately simple 
wave-form it is so necessary to pay attention to the need 
for overcoming any distortion that may occur. The 
amount of distortion that can occur to a rectangular- 
wave-form transmission is nothing like as much as occurs 
with the very involved waves of telephonic practice. 
Clearly, the two parties in telephonic communication 
consist of an individual speaking and an individual 
listening, whereas the two parties to a telegraphic com¬ 
munication consist of an instrument sending and an 
instrument receiving. The instrument sending can be 
likened to the individual speaking; the instrument 
receiving can be likened to the individual listening. 
Now the human hearing system can put up with a great 
deal of distortion before losing the ability to translate 
the received signals into correct intelligence; and this 
ability discounts, to a large extent, any distortion occur¬ 
ring on the line. On the other hand, any attempt to 
reproduce mechanically the hearing functions of the 
human brain, as in teleprinter working, can meet with 
only very limited success. The machine cannot auto¬ 
matically fill in the gaps and make good the distortions 
as the human brain can do, and it is therefore necessary 
to take care of the purity of wave-form during a tele¬ 
graphic transmission. The machine must receive perfect 
or nearly perfect signals before it can perform its work 
with accuracy. 

I am very interested in the rectifier type of modulator; 
this instrument must result in quite a large saving in 
capital cost as well as a considerable saving in main¬ 
tenance costs. It is essentially static. There is nothing 
that can go wrong with it, provided the transmitted 
current is kept in proper limits, 

I am also interested in the noise discriminator; can this 
eliminate such types of noise as are superimposed on the 
line by microphonic contact between the wipers and bank 
of an automatic switch ? 

On page 242 the authors give the opinion that overall 
costs can be reduced by providing much more complicated 
equipment, with a consequent saving in operating costs. 
Highly complicated equipment necessitates the provision 
of highly technical and very able maintenance staff, 
however, and there must be some limit beyond which it 
ceases to be economic to complicate the working equip¬ 
ment. The present maintenance staff are paid about the 
same amount as the operating staff, but the work of the 
former is being rendered increasingly more difficult, and 
of the latter, more simple. We shall not get the right 
type of individual to maintain these increasingly intricate 
services without giving him more money and more 
attractive prospects. I should like some information as 
to the economic point to which it is possible to increase 
the expenditure on capital and maintenance of engineer- 
ing plant in order to decrease operating costs. 

I should like to express some measure of disappoint¬ 
ment that the future of the telegraph service is relegated 
in Section (7) to half a column on “ Trend of Develop¬ 
ment. ^ We know that very soon we are going to be 
faced with automatic telegraphy, which will be in effect 


the grafting of teleprinter working on to the automatic 
telephone system not as a local but as a national system. 
My remarks with regard to the complication of plant 
apply also to the development of automatic telegraphy. 

Mr. C. J. Jones: It will be generally agreed that the 
static relay has removed a considerable amount of trouble 
from a maintenance point of view, and, as there are no 
contacts in it to be kept clean, a reduction in maintenance 
costs is thereby effected. 

It may be of interest to know that at the Leeds Post 
Office approximately 18 000 telegrams are transmitted 
each day in the winter, and 25 000 in the summer, rising 
at times to a peak load of 36 000 telegrams per day; and, 
in addition, at least 5 000 messages are transmitted dailj^ 
by means of phonogram lines. When the cheaper rate 
came into force this increased the number of messages 
by 27 • 6 per cent in the summer and 80 per cent in the 
winter. We have provided a telegraphic system in 
which delay is almost negligible, and in the event of a 
breakdown of a system a complete change-over can l: 5 e 
effected to a spare circuit in a few minutes. 

Mr. J. F. Murray: The question whether the tele¬ 
graph service will pay is a very big one. There has 
been great competition for many years between the 
telephone and telegraph systems. Part of the recent 
improvement in the outlook of the telegraph service is 
due to the^ provision of the vast network of voice- 
frequency circuits desci'ibed in the present paper, and 
this development has enabled the telegraph service to be 
put on a different footing from that of a few years ago. 

Reference is made in the paper to the 35 per cent 
increase in telegraph traffic after the rates had been 
reduced, and it should be added that in Leeds this 
summer the figure rose to 50 per cent. The figures of 
telegraph traffic are still rising all over the country. Of 
course, if one reduces the rate from Is. to 6d. and in 
consequence gets a 50 per cent increase in traffic, one 
cannot say one is making ends meet; but the financial 
gap is narrowing, and a time will come when that gap 
will disappear altogether. 

As regards future developments, the principles of the 
automatic telephone switching systems are likely to be 
applied to the telegraph network, and the transmission 
of telegrams in the future will therefore differ in many 
essentials from present practice. 

I agree with the authors that the numerous tariff A 
circuits which have been set up between business houses 
all over the country have diverted traffic from the 
telegraph service; but there have been compensating 
financial advantages to the Post Office. An. interesting 
side-light on this question came to my notice some time 
ago when the secretary of an important firm, said to me: 

“ You are offering us a tariff A teleprinter service to 
London at £400 a year, but we pay you £600 a year 
for telegrams. There must be a snag somewhere.” I 
assured him that there was not, and went on to explain 
that every telegram his firm passed into the Post Office 
was on the average transmitted by three operators before 
it got to its destination, that we would be able to save 
the time of these three operators, and that we were 
going to save certain line and apparatus costs as well. 

Mr. S. A. F. Adam: It is stated by the authors that a 
certain amount of bias may occur owing to the fact that 
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when a space is transmitted (i.e. the tone is short- 
cii'cnited) there may be a high-resistance contact bel^een 
the tongue and spacing contact of the send relay. Some 
tone will consequently be transmitted to Hne, this o 
course being the reverse of what is required. ^ It seems 
to me that tliis could be obviated if the tone, instead of 
being short-circuited, were to be open-circuited. The 
efiect would be identical, no tone going out to line for a 
space. If a high-resistance contact did develop, the net 
result would merely be the transmitting of mark tone at 
a lower decibel level, and, seeing that this is automati¬ 
cally compensated for within limits of rh 8 db by the re-, 
ceiving valves, it would not seem to matter very much. 

Another point which strikes me concerns the authors 
use of the word “ carrier.” Normally we mean by a 
carrier a high-frequency current modulated by a low- 
frequency current, this latter being, say, the voice. In 
telegraphy, however, we have a low-frequency current 
which we either transmit to line (to represent a mark) or 
do not transmit (to represent a space). I should like to 
know whether the authors consider that this is really a 
carrier type of current or whether they only call it so 
for want of a better word. 

Mr. A. K. Robinson: One thing wliich the paper 
makes evident is the revolutionary nature of the change 
which has taken place in telegraphy, not only on the 
technical side but also in the outlook. A notable feature 
is the rapidity with which the change has taken place. 

I ^im surprised to find on page 240 the words ” with 
the teleprinter as a mere accessory of the telephone.” 
Those of us who use the telex service daily find it almost 
invaluable. Telegraphy has a place in communications 
which the telephone can never take: it is independent 
of the individual, and independent of time, inasmuch as 
one is not dependent on being able to obtain the person 
desired just when one rings. I think that tarifi A, 
tariff D, and telex, are amongst the most useful facilities 
ever offered to the public. 

I am rather curious about the footnote on page 241, 
which refers to systems where frequency and not time 
is the basis of discrimination. I should like to know 
whether this footnote foreshadows some further develop¬ 
ment in telegraphy of which we have not yet been 
informed. 

There are three technical points I should like to refer to. 
First, I am interested in the matter of double modulation 
in connection with the use of frequencies outside the 
audio range, and I was surprised at the implication that 


the requirements of telegraphy are more stringent than 
those of telephony, as regards frequency adjustment of 
the carrier system. The 6 cycles per sec. variation 
permissible in the telegraph frequencies means a loss or. 
gain of approximately one-third of a semi-tone in the 
whole of the commercial audio-frequency range. A piano 
tuner is, I believe, expected to be able to tune to l/60th 
of a semi-tone, but I presume that most of us are not 
musical enough to appreciate the 6 cycles per sec. 
difference referred to. I assume that the difficulties in 
connection with frequency maintenance mean that we 
are not likely to have telegraph carriers working on the 
ultra-high frequencies which we are now expecting to 
use for telephone channels: 6 cycles per sec. in a million 
is a fairly high degree of accuracy for practical conditions. 

Secondly, the effect of using the odd multiples of 60 for 
carrier frequencies in order to avoid second-harmonic 
trouble is to bring the third harmonics exactly into line 
with other carrier frequencies. Have the authors any 
information as to the prevalence of third harmonics? 
Is the absence of trouble entirely due to the low level at 
which these telegraphs are worked, or are there other 
reasons ? 

The third point is in connection with the level; the 
authors take an arbitrary level of 10 microwatts per 
channel, and I should like to know whether they can tell 
us the fundamental basis of the C.C.I. limit. It appears 
to be arrived at by dividing an arbitrary figure by the 
square of the number of channels, and I am not at all 
sure how this basis has been decided. 

Mr. G. K. Hall: One of the developments that 
impresses me in particular is the telex convertor, which 
seems to me to get over some of the major difficulties 
in connection with the telex service. I do not Imow 
whether everyone realizes the advantage of a telex 
system in that a local record is obtained. One of the 
troubles arising from interference with telex messages due 
to automatic switches was that a click gave a figuie 
shift which made all the letters turn to figures. This 
was rather unfortunate in a long message. It gives me 
great pleasure to see a convertor which is going to 
eliminate that trouble. 

Another notable development is the changing of the 
tariff A service from d.c. working in the main to voice- 
frequency working, which the authors tell us is of such a 
high standard to-day. 

[The authors’ reply to this discussion will be found on 
page 282.] 
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Mr. Alfred Morris: A few years ago there were 
grave doubts whether telegraphs were going to flourish 
or to founder, but recently the technique of telephony 
has been so successfully applied to the sister art that 
the decline of the telegraph has been definitely arrested. 
The number of inland telegrams increased during the 
past year by 9 millions to a figure of 44-|- millions, 
indicating a very healthy condition of the telegraph 
service. These results have been achieved because 
modem apparatus and ideas have been applied to the 
telegraph service. I refer particularly to the use of 

* Joint meeting with the Institution of Post Office Electrical Engineers. 


what is known as " by-product circuits,” which consist 
of the phantom circuit in the case of the modern quad 
cable circuit—unsuitable for telephone purposes because 
of its large capacitance and the absence of loading— 
and of the double phantom or ” ghost ” circuit in multi¬ 
twin cables. Again, there is the application of the 
thermionic valve, both as a rectifier and as an amplifier, 
and the apphcation of the copper-oxide rectifier. There 
is also the use of the electric filter, and the applica¬ 
tion of alternating current to the telegraph system. 
We have been told, and it cannot be too strongly 
emphasized, that the present telegraph service is 
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based almost entirely upon the use of voice-frequencv 
currents. ^ 

Dealing with the technical aspect, I suppose it is fair 
to say that the problem presented in this new kind of 
telegraphy is exactly the same as the problem presented 
in the telecommunications problem as a whole. It is 
necessary to convert intelligence which we want to pass 
from one location to another into some form of electrical 
signal, to transmit such electrical signals from one place 
to another over wires or thi-ough the ether, and then 
to receive them and reconvert them into intelligence. 
Different kinds of intelligence require frequency bands 
of differing widths for their effective transmission; thus 
for music and elocutionaiy speech a band width of about 
5 000 cycles per sec. is needed, whilst a band as wide 
as 1 million cycles per sec. is essential for high-quality 
television. The band width reserved for a single tele¬ 
graph channel is 120 cycles per sec., but, because the 
total band width available for transmission purposes 
over an ordinary cable circuit is of the order of 3 000 
cycles per sec., a large number of telegraphic channels 

18 in fact—can be operated at the same time over 
the same medium. One striking feature of the voice- 
frequency system is this multiple character and the fact 
that a large number of messages can be passed simul¬ 
taneously, thereby utilizing the same material a larae 
number of times. 

The application of scientific methods to the telegraph 
service has enabled operating costs, which formerly 
were too heavy, to be reduced. The system has been 
so modified that the volume of traffic to be handled can 
be dealt with^ by a very much smaller number of 
operators. This point is a vital one so far as the 
development of the system is concerned. 

Another point in regard to the width of the band 
necessary for effective working is that the higher the 
speed of transmission the wider is the band required. 
The present band width of 120 cycles per sec. is suitable 
for a speed of the order of 50 or 60 words per minute. 

If it is desired to transmit very many more words per 

minute in order to keep down these operating costs_ 

quicker handling of traffic means reduced operating 
costs—it is necessary to widen the band; but if the 
band is widened the^ number of channels that can be 
utilized over a particular medium is correspondingly 
reduced. The future tendency will therefore be to 
utilize lines and circuits which have a very much wider 
transmitting band than is used at the present time. 

On page 242 the use of the term “ inefficient use of 
band width ” is perhaps rather unhappy. If for the 
effective transmission of a certain kind of intelligence 
a certain width of band is necessary, I do not think we 
can accuse engineers of using band width inefficiently, 
ihe fact is that, if a wider band per telegraph channel 
IS to be used, then certainly fewer channels can be 
operated over a given medium, but the wider band per 
channel is necessary because it gives a corresponding 
advantage from the operating point of view. 

Another important_ point brought out in the paper is 
that of the co-operation which has been necessary, and 
which has resulted in such a successful development of 
the telegraph system. The authors give many refer¬ 
ences to the C.C.I.T., and it is very striking that so 
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much co-operative work has been done in attacldng the 
problem. The C.C.I.T. provides opportunities for the 
joint technical study of the problem, for actual experi¬ 
mental field work, and, most important, for co-operation 
between the various nations concerned in the problem. 
One of the authors is a member of the C.C.I.T,, and it 
would be interesting to hear some of his experiences in 
that connection. 

Mr. T. E. Herbert: The authors say that until we 
had the voice-frequency network a telegraph switching 
system was not practicable; and yet it is a fact that 
the U.S.A. have a system somewhat similar to our own 
telex, but worked on telegraph channels. I should like 
to emphasize the point that the teleprinter is a British 
instrument, and that the static relay and other im¬ 
portant devices in telecommunication engineering 
making use of copper-oxide rectifiers have been due to 
the work of a number of British Post Office engineers. 
Ihe stability of this system is quite remarkable. We 
have seen a complete change-over from the old d.c. 
telegraphy to a.c. telegraphy, and the results have 
thoroughly justified the change. I believe there is a 
very big field for telegraphs. The telephone should be 
legarded as a medium for discussion, and the tele¬ 
printer should be the means for the communication of 
definite facts or business communications. 

We have arrived at the stage when one can rent a 
teleprinter instrument and send messages over the 
telephone circuit. Eventually, however, when we have 
Mr. Harris s telegraph switching system, we shall have 
gone a long way towards a co-ordinated telegraph 
systein which will carry messages from one teleprinter 
subscriber to another, and probably direct from the 
office of origin to the destination. 

To all intents and purposes the problem of line plant 
for telegraphs has disappeared; the circuits wanted for 
telegraph purposes can be provided very cheaply indeed by 
modern methods. Ultimatel 3 r, when co-axial cables are 
used over long-distance circuits, it is reasonable to imagine 
that a certain band width will be leased to the telegraph 
administration for doing their part of the operation. 

The problem which remains is the problem of the 
delivery of the telegraph message. If someone in 
Brighton wants to send a telegraph message to someone 
in Manchester, how is the operator at Brighton to pick 
out the particular part of Manchester where the message 
has actually to be delivered ? Many proposals have been 
made, but the problem has not yet been solved satis¬ 
factorily. Has the possibility of centring the telegraph 
system on telephone exchanges instead of on post offices 
been explored ? It may be that 50 years hence one will 
be able to drop a message into a slot, put 6d. in, push 

a button, and the message will be delivered at the 
other end. 

Mr. James Frost: I think it will be agreed that the 
voice-frequency system with its remarkable stability 
and flexibility has proved very successful in practice, 
and that the public telegraph service between large 
towns is better to-day than ever before. During last 
week-end the majority of the telex installations through¬ 
out the country were converted from 300-cycle to 1 600- 
cycle working. The experience of 300-cycle working 
has not been very satisfactory, and I should like to 
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know what results we may expect, from the maintenance 
point of view, with the frequency of 1 500 cycles per sec. 
In Manchester the official telex circuits are terminated 
as direct exchange lines on Blackfriars automatic 
exchange, and very little trouble is experienced with 
these circuits. This may be due to the fact that the 
circuits are not very often used, but I am inclined to 
think that it is because the circuits do not pass through 
a private branch exchange. In the case of private 
telex renters the telex set invariably terminates on the 
renter’s P.B.X. and, in the past, a great deal of difficulty 
experienced on the teleprinter has been attributed to 
the P.B.X. Without considering the economic aspect 
of the C 3 ,se, I think that the telex service would be 
considerably improved if all the installations were ter¬ 
minated as direct lines on a main exchange. 

There are one or two points regarding teleprinter 
instruments, particularly the teleprinter type 7B used 
on private-wire and telex renters’ installations, on which 
I should like the authors’ opinion. I would first mention 
that there is a privately-owned teleprinter in Manchester 
fitted with a synchronous motor, and no difficulty is 
experienced with the installation. It seems to be an 
uneconomical proposition to provide a rectifier and a 
d.c. motor when similar results can be obtained by 
utilizing a synchronous motor connected direct to the 
public power supply. Some difficulty is experienced 
with the start-stop device fitted on type 7B teleprinters, 
and I should like the authors’ opinion of the u.sefulness 
of this device. With regard to the speed of teleprinter 
motors, could not matters be so arranged that speed 
adjustments could be made without it being necessary 
to remove the protective cover on the governor? It is 
suggested that a slot might be cut in the cover to allow 
any adjustments to be made. Experience has shown 
that when the speed has been adjusted without the 
cover a slight increase in speed has usually resulted 
when the cover has been replaced. It is interesting to 
note that the teleprinter distortion and margin tester 
and the automatic transmitter have been developed for 
use in testing teleprinters in the various mechanics’ 
shops, and I hope this apparatus wall be available in 
Manchester in the near futiire. 

In conclusion, I should like to express the hope that 
full jDarticulars of the through-switching facilities will 
be made available at an early date. 

Mr. H. J. Moores ; I notice that 8 minutes is quoted 
as the average time taken to change an interrupted 
■4-wire circuit. This delay is mainly caused by having 
to refer to another bi'anch for the release of the nominated 
reserve. If this could be picked up immediately, the 
time would probably be reduced by 75 per cent. The 
traffic brancli could then be notified and would deal 
with any call which might have been interrupted. 

Is the standardization of ± 80 volts only altogether 
desirable ? Considering the many telegraph circuit 
“ locals ” in telephone cables, would it not be prefer¬ 
able to make 40 volts a standard? 

From the limited experience already obtained in 
Manchester there seems to be little doubt that the 
general introduction of the static-relay unit will further 
improve the service and reduce maintenance costs, I 
should, however, be interested to learn whether, where 


a station is completely equipped with these units, the 
complete elimination of send-relay faults has resulted, 
or whether any fresh type of difficulty has developed. 
In view of the splendid performance of these units as 
transmitters, it is a logical step to consider their possi¬ 
bilities in lieu of receive relays. Have any experiments 
or developments along this line taken place ? 

The graphs (Figs. 8-12) are very interesting and 
informative. Were any comparisons made between the 
channels operating on the higher frequencies and those 
on the lower frequencies? 

Dr. W. Jackson: I do not find the presentation of 
the technical considerations relating to alternating- 
current transmission on page 252 nearly so clear as it 
might have been made. The authors’ treatment of 
distortion under four headings is liable to give the 
impression that they recognize four distinct mechanisms 
of distortion, whereas I imagine that they have in mind 
only three such mechanisms, namely (1) phase distortion, 
for which I regard “ delay distortion ” as a more appro¬ 
priate title since the variation of phase angle with 
frequency is only significant when interpreted as a 
variation of transmission time with frequency; (2) ampli¬ 
tude distortion, arising from a variation of attenuation 
with frequency; and (3) non-linear distortion, concerned 
with the creation of frequency components which do 
not exist initially. Each link in the normal trans¬ 
mission system—^line, filters, and amplifier—is respon¬ 
sible in either a positive or a negative (compensating) 
direction for amplitude or phase distortion, and in 
general for both, and a complete discussion of these 
two mechanisms would include all the effects which 
result from restriction of the transmission frequency 
band. The apparent attachment of independent signifi¬ 
cance to the latter is therefore liable to be misleading. 

Mr. B. J. H. Bitton: The “ answer back ” system is 
not yet functioning at Manchester, but traffic officers 
foresee at least one serious objection to it. It is that 
the answer back is provided mechanically, irrespective 
of whether the paper fillet is readable or even moving 
at all. Given intermittent attention only at the distant 
office, a failure in this respect would cause much trouble 
and heavy delay at the zone or area office. With inter¬ 
communication added, the failure mentioned would 
mean a total loss of the telegram transmitted, as the 
terminal station would have no clue to the source. 
Perhaps some device may be found which, when paper 
sticks, will prevent the WRU mechanism from func¬ 
tioning. Foreshadowed developments offer a wide and 
interesting field for speculation. 

Mr. O. Walker: It is of interest to note that the 
question raised regarding the possibility of difficulty in 
identifying the correct terminal office for the disposal 
of telegrams in the larger areas, is already I'eceiving 
consideration. The proposals provide for the assimila¬ 
tion of the boundaries of the postal-district and telegraph- 
delivery areas in such a way that each telegraph area 
will comprise the whole of one or more numbered or 
unnumbered postal-district areas. Telegrams intended 
for delivery in these areas would necessarily carry a full 
postal address for routing purposes. 

[The authors’ reply to this discussion will be found 
on page 282.] 
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MERSEY AND NORTH WALES (LIVERPOOL) CENTRE, AT LIVERPOOL, 

7th DECEMBER, 1936 


Mr. Alfred Morris: One of the striking points made 
in the paper is that of the conversion of the telegraphs 
from d.c. to a.c. operation. The telegraph system of the 
British Post Office in its present state is most certainly 
an integral part of the telecommunication system of the 
country. It takes its place with the telephones; it uses 
essentially the same line network; it uses at times the 
mechanical switches at automatic telephone exchanges: 
it uses the telephone repeater equipment; and, in addition, 
it shares the engineering staff which maintains the 
telephone and telegraph system jointly. 

The ” coaxial cable ” is capable of transmitting fre¬ 
quencies of a very much higher magnitude than is possible 
with the loaded type, and I should like to put to the 
authors the question as to what are the possibilities of 
the use for telegraphic purposes of cables of the coaxial 
type. Further, what are the possibilities of this tjrpe of 
cable for concurrent telegraphic, telephonic, and vision 
channels ? Frequencies of the order of 1 megacycle per 
sec. can be transmitted over such cables with a reasonable 
degree of attenuation, but this is not the limit of the 
frequency range which it is possible to use; frequencies 
up to at least 6 megacycles per sec. are contemplated. 
The efficient utilization of such a wide band of frequencies 
for the simultaneous operation of all the varied types of 
communications services is probably entirely a question 
of whether the complex and costly terminal and repeater- 
station equipment which would be necessary would be 
justified. In this connection, the length of circuit would 
obviously be of great importance. 

I am interested to see that the authors have dealt 
with the subject of the sub-audio-frequency channels 
which are working on particular submarine cables con¬ 
necting the mainland with some of the islands, e.g. the 
Channel Islands and the Isle of Man. By making use of 
the extreme lower end of the frequency spectrum in this 
way the material medium is utilized to a further extent 
than the original uses contemplated for it. (These cables 
were originally intended for telephones or for d.c. 
telegraphs.) I should like to ask the authors whether 
it is intended to make use of the sub-audio facilities of any 
other of the submarine cables, particularly those con¬ 
necting the mainland of Scotland with the Inner Hebrides 
or the other northern islands. 

Another matter which I should like to put before the 
authors is the question of the teleprinter motor. I 
think we have all been impressed by the intricate and 
thorough testing arrangements which have been devised 
with the object of checking the speed of the teleprinter 
motor. I should like to ask the authors whether they 
have any later information with regard to the use of the 
synchronous motor. 

[The remainder of Mr. Morris’s contribution was 
similar to his remarks at the Manchester discussion (see 
page 278).] 

Prof. E. W. Marchant: The effect that the scheme 
described in this paper has had in reducing the cost of 
telegraph messages owing to the reduction in the standing 
charges on the plant, is of the greatest importance. The 
growth of the use of the telephone since the reduced rates 


for trunk calls were introduced is an application of the 
law which holds very generally between cost and con¬ 
sumption, and there is no doubt that the reduction in 
cost per message that has been effected by the introduc¬ 
tion of voice-frequency signals will lead to a greatly 
extended use of telegraphy. The developments described 
in this paper have evidently had a great deal to do with 
the reduction in the charge for telegrams which has 
recently been announced. The progress of telegraphy 
and telephony during the last 30 years has been remark¬ 
able. It is due partly to the adoption of loading but 
mainly to the developments that have been made possible 
through the invention of the thermionic valve, and the 
use of repeaters. Engineers can now design lines with 
zero loss, that is, with no attenuation, without difficulty; 
this was of course impossible until valves were introduced. 

I was interested also in what Mr. Morris said about the 
use of coaxial cable for high frequencies. The possibility 
of being able to use frequencies of the order of megacycles 
opens up a new field of development. We have heard of 
the possibilities of using high frequencies for telegraphy 
and telephony, but there is, of course, another application 
of the coaxial cable that is of interest, namely the use of 
it for sending television signals from London to the pro¬ 
vinces. One of these coaxial cables has already been 
installed between London and Birmingham, and the 
Birmingham-Manchester section may be completed in 
the course of a few months. It seems likely, therefore, 
that television stations in the provinces may be available 
within a reasonable time. 

Mr. F. Mercer; It is stated on page 239 that the 
total number of voice-frequency telegraph channels now 
installed is approximately 1 000, exclusive of some 400 
private services. Does this mean 1 000 go and 1 000 
return channels ? If this supposition is correct the 
total number of cable pairs required throughout the net¬ 
work appears to be only from 100 to 150, and this must 
represent an enormous saving in line costs as compared 
with the old d.c. system, which required not only more 
cable pairs but also heavier conductors, and even then 
did not cover as wide an area. 

With regard to the simplex point-to-point private 
teleprinter service, do the routes join up with the 
18 channel backbone circuits, or is it essential in such 
cases for the subscriber to have at his disposal the 
through use of one or two cable pairs ? 

Would it not be possible for renters of private lines 
for telephone service to be given facilities for a supple¬ 
mentary teleprinter service at low cost, using super-audio 
channels ? There must now be available plenty of 
medium-loaded circuits (88 mH) with sufficiently high 
cut-off frequency to permit the superposition of a 2-way 
voice-frequency telegraph channel. 

It is stated on page 246 that one of the outstanding 
advantages of a standard voice-frequency network is 
that all channels are identical, and can be connected 
together without previous preparation to provide any 
desired routing. Surely, however, the ordinary telephone 
channels cannot be utilized without preparation, as it 
would appear that in the case of ordinary 4-wire working 
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the echo-suppressors on the telephone channels must be 
cut out, and further, where voice-frequency telegraphs 
are superposed on ordinary telephone channels, special 
echo-suppressors and noise eliminators appear to be 
necessary. 

It is interesting to learn of the probable application of 
synchronous motors to ensure speed control of tele¬ 
printers. In this connection I should like to ask whether 
the authors have taken into consideration the possibility 
of frequency variations which may exist between any 
two separately-operated sections of the grid. I under¬ 
stand that the grid is not always run as a complete net¬ 
work, and variations of frequency are likely to exist on 
different sections; this might impair the operation of 
synchronous-motor-operated teleprinters. 

Mr, W. K. Edelsten: I should like to ask the authors 
whether the recent developments in ultra-short-wave 
radio links are likely to be applied in telegraphy, and 
also whether the recent researches in 2-wire trunk 
circuits will affect the telegraph system. 

Mr, D. C. Fleming: I should like to ask the authors 
whether the IS-channel voice-frequency system is now 
standard or whether the 12-channel, as indicated on many 
routes in Fig. 2, is preferred when it is sufficient to carry 
the traffic. 

It seems that the 18-channel band is the unit between 
terminal stations and is presumably amplified at inter¬ 
mediate repeater stations without the individual channels 
being separated out. Does this give the most flexible 
arrangement, or would it not facilitate routing if channels 
could be separated out when required ? 

The subscriber’s apparatus used for the telex system 

THE AUTHORS’ REPLY TO THE LONDON, 

LIVERPOOL 

Messrs. L. H. Harris, E. H. Jolley, and F, O. 
Morrell [in reply): We are grateful to many of the 
participants in the discussion for the information they 
have added to the paper, which, however, does not call 
for reply. 

London. 

In the development of the switching system for the 
public service the ultimate possibility of amalgamation 
with the switched private subscribers' services, which 
Mr. Thompson mentions, has not been lost sight of. 
Prior to the building-up of the voice-frequency network, 
the idea of a separate switched network of physical 
circuits for private subscribers was cast aside as im,- 
practicable and uneconomical compared with the use of 
telex on the telephone network. The availability of a 
voice-frequency network makes the separate teleprinter 
system more attractive, both technically and econo¬ 
mically, than was the case under physical line conditions. 
Nevertheless, it is the possibility of combining the public 
and private switched services as regards construction, 
maintenance, and co-operation, that will really make it 
worth while providing a private teleprinter service apart 
from the telephone network. Telex is still likely, 
however, to remain for use when the alternative of 
speech to teleprinter working is required and when sub¬ 
scribers who have little traffic, and who are distant from 


is described as operating at a frequency internationally 
agreed upon of 1 500 cycles per sec., and presumably 
when this system is used over a trunk telephone circuit 
that circuit is occupied exclusively by one telegraph 
channel operating at this frequency. This seems to 
be an uneconomical use of the circuit, and I should 
like to know whether it would be possible to change 
over to a channel in the voice-frequency telegraph 
network when a teleprinter message was required to 
be transmitted. 

Reference is made to the use of by-product circuits, 
such as the phantoms in star-quad cables, for direct- 
current telegraphy. With the development of voice- 
frequency working these by-product circuits will no 
longer be required, and it would be interesting to know 
whether they will be used for any other purpose. 

Mr. W. E. Finlason: I am interested to note that 
telephone switching principles have now been developed 
for establishing telegraphic connections, but I feel that 
we must examine the reasons which have led to their 
adoption in this field prior to their use for setting up 
trunk calls. 

Am I correct in supposing that the dialling operations 
involved in setting-up a through trunk call would be far 
too involved to be entrusted to the care of an ordinary 
subscriber, whilst the dialling operations involved in 
esta,blishing a telegraphic channel are slightly simpler and 
could therefore readily be dealt with by a skilled operator ? 
I imagine that the directory instructions which would 
have to be placed before the subscriber might be so 
complicated that he would promptly dial “ O ” and 
request his local operator to set the call up for him. 

NEWCASTLE, LEEDS, MANCHESTER, AND 
DISCUSSIONS 

a teleprinter switching centre, require connection to the 
system. 

Referring to Mr. Thompson’s last point, although 
channels are lined up on reversals at 33 bauds (2: 2 at 
66 bauds) and test distortion measurements are usually 
made at 66 bauds, this means that channels can be used 
indiscriminately for speeds of from 80 bauds downwards. 
No significance is attached, however, to the low figures 
that happened to be obtained for 4, 6, and 6 coupled 
channels in Fig, 10. Adjusting the channels to 60 bauds 
would give only a negligible advantage on teleprinter 
circuits, but would seriously affect high-speed channels. 

The numbering of the Avis of the C.C.I.T. has been 
modified in accordance with the suggestion made by 
Mr. Nancarrow. A reference to ancillary working has 
now been included and an article giving full details 
added to the Bibliography (Reference 49). 

Mr. Aldridge asks for the relative advantages of the 
two methods of measuring distortion which have been 
described. It is considered that the cathode-ray tube 
method is preferable as regards quiclmess for maintenance 
measurements of channel distortion. For margin tests 
of teleprinters and detailed examination of telegraph 
transmission in which individual signals must be 
measured, the neon-lamp method with a 7-|~unit scale is 
necessary. Some remarks on the general question of 
telex working have been made in reply to Mr. Thompson. 
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It seems likely that in America the long distances con¬ 
cerned have emphasized the importance of economic 
use of frequency band width as compared with con¬ 
siderations of terminal apparatus costs, and in that 
country have excluded the use of the ordinary telephone 
trunks for telegraph subscribers’ services. In the 
British Isles the attractions of a separate telegraph net¬ 
work appear only when such a system is combined, as 
regards maintenance and provision of plant, with a 
technically similar system for the public service. 

In regard to Mr. Terry’s allegation of clumsiness of 
C.C.I.T. nomenclature, this probably arises through the 
necessity of being specific. Nicknames no doubt will 
come later if usage so demands, but too free coinage of 
words is apt to hinder study, and we see no use in 
calling an elementary unit anything other than an 
elementary unit. We have not meant to imply that the 
C.C.I.T. definition of distortion should be modified to 
suit the peculiarities of “ start-stop.” It is better to 
keep the definition general and of something measurable. 
The effect of the start signal in the interpretation of 
measurements must, however, be borne in mind. 

The use of regenerative repeaters in the British Isles 
has not yet been found necessary, nor under the switching 
scheme is it likely that their use will be necessary except 
on foreign calls. This is fortunate, since the device, 
apart from regeneration of teleprinter signals, is com¬ 
plicated by the requirements of dialled impulses, clearing 
signals, etc. 

With regard to half-wave rectification, the particular 
case given by Mr. Terry was appreciated, but in practice 
such cases rarely occur owing to necessity for limiting 
before rectification. As discussed in the paper, the 
effect of the ideal limiter used in conjunction with narrow 
band filters is to suppress the whole of the signal envelope 
except a comparatively narrow strip situated at approxi¬ 
mately half the peak amplitude of the signal. These 
conditions are closely approached in all voice-frequency 
systems, and, as the modified signal envelope to be' 
rectified is practically " square,” the explanation given 
in the paper applies equally to narrow and wide band 
transmission. 

In reply to Mr. Ritter, if 10 per cent transmission 
distortion (on account of contact accuracy and speed 
difference) be allowed, the maximum distortion the 
receiver on an international link has to face is 38 per cent. 
This is covei'ed by machines having a margin of ± 36 
per cent. This ± 35 per cent may, however, be equal 
to up to 70 per cent in the same terms as the 38 per cent, 
and in practice it is believed that the figures laid down by 
the C.C.I.T. are sound. 

As regards the use of a preponderance of receivers only 
in the switched system, this has already been considered, 
but questions of standardization, reserve machines, and 
the necessity, even when receiving, of transmitting the 
answer-back signal, have led to the decision to use 
identical machines throughout. 

The additions to the Bibliography suggested by Mr. 
Harrison have been made. His remarks concerning the 
forked repeater are another instance of the radical 
changes in transmission methods. 

In reply to Mr. Leek, a reference to a recently pub¬ 
lished article on switching has been added to the Biblio¬ 


graphy. The use of voice-frequency instead of physical 
extensions from switching centres will be adopted when 
economic, using from 4 to 18 channel systems as required. 
Where extensions are few and very short, physical lines 
are cheaper and preferable. A scheme in which the 
frequencies for transmission from the outstation were 
generated at the head office was experimented with some 
time ago in connection with 4-frequency key-sending, 
but nothing has been attempted as yet in connection 
with telegraphy. 

Newcastle. 

In reply to Mr. .Smith, it is pointed out that a tariff A 
circuit is a full-time point-to-point service, and is not 
therefore a rival to the telex service, wLich is suitable 
for short-duration switched calls. Whth regard to the 
broadcasting systems, it is only w'hen the system is not 
in the broadcasting condition, but being used for separate 
communications to particular outstations, that the 
number of simultaneous communications is limited by 
the number of head-office machines. 

The variation of distortion with length of 4-wire 
circuits is somewhat as might be expected in a system 
in which the various contributing causes are combined 
in a chance manner to give the overall result. 

We agree with Mr. Jordan that the tariff B circuits 
are two-way simplex so far as their build-up is con¬ 
cerned, but the term duplex is still retained when 
naming the overall operating condition. The use of the 
term half-duplex has been discontinued; One hundred 
words per minute (Wheatstone) is the Post Office guaran¬ 
teed figure for single voice-frequency channels. Higher 
speeds naturally must be attainable to enable this 
guarantee to be given generally. The average system 
change-over time of 8 minutes is the average from 
records taken over the whole network. 

In reply to Mr. Stanfield, the reduction in faults shown 
in the graph was due to the measures taken as stated 
in the paper. Modification of the circuits was carried 
out as an emergency measure, with immediate success, 
in order to ameliorate the platinum-iridium contact 
difficulties, which had become grave in their magnitude. 
Microscopic needle-like points liable to mechanical 
locldng, which occur with the former, do not occur with 
copper-palladium contacts, although ordinary points 
and craters still occur and the mass of metal worn may 
be greater than with platinum. 

Marking bias appears at high speeds on voice-frequency 
chaimels because, with short signals, due to the build-up 
time of the filters there tends to be neither complete 
suppression of the tone nor complete return to full 
amplitude. The sensitivity of the amplifier-rectifier 
increases owing to the reduction in the peak amplitude 
of the voice-frequency signals, and marking bias results. 

Mr. Stanfield need not be apprehensive that the voice- 
frequency system will be called on to exceed its extensive 
capabilities. Naturally the more links in tandem the 
lower the maximum speed, and stability is sacrificed 
if any circuit is pushed to the utmost limit of speed. 

In reply to Mr. Anderson, the attenuation of the 
filters on multi-channel voice-frequency equipment is 
checked in the pass band at the mid-band frequency, 
and in the attenuating ranges at frequencies 120 cycles 
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per sec. higher and 120 cycles per sec. lower. The test 
currents, obtained from the multi-frequency generator, 
are applied in turn to a special test detector used as a 
valve voltmeter, alternately through the filter and an 
attenuator, the attenuator being adjusted in each case 
to give the same reading on the valve voltmeter. 

Leeds. 

It might be concluded from Mr. Tyson’s remarks on 
distortion that printing-telegraph systems will only 
operate over circuits having little or no distortion. 
This, however, is far from the case. The teleprinter 
will permit variations of 35 per cent and over in the time 
intervals of the signals, while some synchronous systems 
will permit variations of 70 per cent or more. 

Mr. Tyson also says that there must be some limit 
beyond which it ceases to be economic to complicate 
the working equipment. This is agreed, but it seems 
certain that even with full automatic switched tele¬ 
graphy this limit will not be exceeded. An article 
relating to switching has recently been published, and a 
reference has been added to the Bibliography. 

Mr. Murray mentions the tendency towards a diversion 
of traffic from normal telegraph service to private tele¬ 
printer services. The modern business tendency is, 
however, to forward by teleprinter matter which in the 
past has been sent by post, and so speed up sales services, 
etc., by 24 hours. 

Mr. Adams suggests series instead of short-circuiting 
contacts for the modulation of the tone in voice-fre¬ 
quency telegraph systems. This question was examined 
in detail some years ago and the short-circuiting method 
found preferable owing to the effect of transit time on 
the self-regulating bias at the receiving end, and there¬ 
fore on the telegraph distortion. 

Mr. Adams also raises the old question of whether 
“ carrier ” is the correct term for interrupted tone 
signals. It can be shown that interrupted tone is 
equivalent to continuous tone modulated with the 
signal frequency and all its harmonics, and therefore it 
is suggested that the general heading of " carrier ” is 
appropriate. 

Mr. Robinson asks for the meaning of the footnote on 
page 241. It is possible, of course, to devise teleprinting 
systems in which each letter corresponds to the combina¬ 
tion of frequencies transmitted, as in 4-frequency key¬ 
sending in telephony. Here the time per letter could 
be much smaller, than with time codes, but the frequency 
band required would be correspondingly greater. For 
keyboard operation the additional speed could not be 
made use of, since the operator’s typing speed would be 
much lower. Were it not for consideration of standard¬ 
ization, there might be some advantage of such a type of 
machine for obtaining a " freer ” keyboard on telex 
circuits where the full telephone frequency band is 
available. 

The production of odd harmonics occurs in repeater 
and line transformers and loading coils, and the absence 
of trouble is due partly to the low power level and also 
to the relatively small frequency range {approximately 
360 to 2 520 cycles). Some trouble is experienced, how¬ 
ever, on super-audio channels at frequencies close to the 
cut-off frequency of the cable circuit. With the level 


of 10 /xW per channel at a point of zero level in a 4-wiT(; 
circuit, the possible peak power at the repeater output is 
32-4mW, which approaches the maximum powei'- 
handling capacity of the repeater output valve. 

Mr. Hall's reference to the possible effect of a click 
on telex transmission is perhaps misleading. The effect 
to which he refers is that whereby in certain circum¬ 
stances a momentary click, if occurring in an interval 
between two characters of more than 130 milliseconds, 
can cause the receiving teleprinter, if operating in the 
upper case, to revert to the lower case, so printing 
letters instead of figures. Measures have been taken to 
avoid such clicks on telex connections, and the possi¬ 
bility of this occurring is now extremely remote, pro¬ 
bably less than once per 50 000 characters transmitted. 

With regard to direct-current tariff A services, these 
will still continue to be used where by-product circuits 
are available. The use of voice-frequency channels is 
resorted to where by-product circuits are not available. 

Manchester. 

Mr. Morris mentions that the spacing of 120 cycles 
per sec. is suitable for speeds of 50 to 60 words j)er 
minute. In case this should be misunderstood, it is well 
to point out that these speeds allow a very big max'gin 
indeed on single-channel circuits and so enable tandem 
channels to be used. 

Mr. Morris criticizes the phrase “ inefficient use of 
band width,” but it seems appropriate enough to 
describe the case where a width of band is used for a, 
purpose which could be accomplished by a much smaller 
one, d.c. telegraphy for example. 

The work of the C.C.I.T. has, as Mr. Morris says, 
been of great value in clearing the way for standardiza¬ 
tion of telegraph methods and apparatus. For example, 
providing all countries develop their national tele¬ 
printer services according to the agreement.s which have 
already been reached as regards speeds, keyboards, 
codes, and frequencies, nothing vital technically remains 
to prevent the complete international co-operation of all 
types of teleprinter services. 

In reply to Mr. Herbert, it is Ixelieved that voicc-- 
frequency methods are used to a large extent in tlie 
United States for providing channels hn: their tele¬ 
printer exchange service. Mr. Walker lias kindly givi'ii 
the answer to Mr. Herbert’s query regarding the diffi¬ 
culty of knowing from the address the correct delivery 
office to which a telegram must be transmitted. 

The change from 300 to 1 500 cycles per sec. for telex 
working, mentioned by Mr. Frost, was made to conform 
to the internationally agreed frequency, which was 
chosen as it has several advantages over other possible 
choices. Some difficulties have been experienced on 
telex service on private branch exchanges and, although 
measures have been taken to overcome them, wherever 
possible the telex line is taken direct to the telex po.sition. 

A switch is provided to give alternative facilities via the 
private branch exchange, if and when required. Tlie 
design of the automatic motor switch on the teleprinter 
has recently been reviewed and changes have been made 
which should remove the jxresent difficulties. 

We agree as regards the method of changing faulty 
4-wire circuits mentioned by Mr. Moores, but so fax 
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authority has not been obtainable for seizing, without 
warning, a telephone circuit which may be in use by 
two trunk telephone subscribers. As it is demonstrable 
that this would have only a negligible effect on the 
telephone service, the matter may ultimately receive 
favourable reconsideration. 

As 80 volts is preferable to 40 volts for operating the 
receiving electromagnet of teleprinters, and as it is 
desirable to standardize on one voltage, the former 
figure has been decided upon. 

The only point that must be borne in mind in using 
static relays as compared with ordinary transmitting 
relays is that when considering switched channels it is 
more important with static relays that at no time 
during the preliminary calling or subsequent clearing 
procedure should the controlling direct current be 
interrupted (as distinct from the normal reversal). 

The question of replacement of receiving relays, 
mentioned by Mr. Moores, has already been covered in 
the paper. 

There is some evidence that the distortion on the 420- 
cycle channel is slightly greater than on the higher 
channels, but this is so small as to be of no practical 
importance. 

It is agreed that the line characteidstics can be , con¬ 
sidered under the three mechanisms suggested by Dr. 
Jackson, and in the mathematical treatment of the 
subject such would be the case. We wished, however, 
to present a mental picture of the effects resulting from 
certain well-defined characteristics which occur in 
practice, and for this reason the four characteristics 
were mentioned separately. As phase distortion arises 
primarily from the non-linearity of the phase charac¬ 
teristic, it is considered that " phase distortion ” is the 
more appropriate term. 

The importance of paper failure, mentioned by Mr. 
Bitton, has not been lost sight of in consideration of the 
switched telegraph system, and recently several promising 
schemes for checking both the presence and correct 
movement of the tape have been devised and examined. 
It is likely that use will be made of the answer-back 
unit to give warning at the sending end of paper failure 
at the receiving end. 

Liverpool. 

In reply to Mr. Morris it appears that each telephone 
channel obtained on a “coaxial cable ” should be capable 
of being used for multi-channel telegraphs. It will be 


appreciated, however, that the degree of accuracy of 
carrier frequency becomes of greater importance on high- 
frequency carrier telephone channels. 

Cases of possible simultaneous telephone and telegraph 
facilities such as those mentioned by Mr. Morris have 
received consideration, but in no instances other than 
those mentioned in the paper has the sub-audio method 
been considered the most desirable of the several possi¬ 
bilities available. 

As regards the use of synchronous motors for driving 
teleprinters, the field trials which are still in progress 
indicate that a satisfactory solution of the problem is 
within measurable distance. 

In reply to Mr. Mercer, there are 1 000 duplex channels 
making use of 70 four-wire telephone circuits. Simplex 
point-to-point private teleprinter services are provided 
on voice-frequency channels or by-product circuits. 
Reference is made in the paper (page 252) to experiments 
at present in progress on an 8-channel super-audio system. 
The statement on page 246 refers to the channels them¬ 
selves. It is true that the echo-suppressors must be 
cut out when a 4-wire circuit is used for voice-frequency 
telegraphs, but this is only a minor change. The possi¬ 
bility of frequency variations affecting the speed of 
synchronous driving-motors has been borne in mind, 
but there is no evidence to show that the speed differences 
to be expected are important in magnitude. 

In reply to Mr. Edelsten, experiments have already 
been made, and further tests are envisaged, on ultra¬ 
short-wave radio links. 

In reply to Mr. Fleming, the system is standard 
whether 12 or 18 channels are used. Space is left, when 
12-channel systems are installed, for future development 
to 18 channels. 

It is true that, in the case mentioned, a telex call 
occupies a telephone channel exclusively, but the 
facility of speech as an alternative may be required; 
also the overall economy of this system of working is 
dependent on other considerations in addition to that 
of frequency band. There appears to be no reason why 
by-product circuits should not continue to be used for 
telegraph services. 

It is no doubt true, as Mr. Finlason remarks, that the 
dialling operations involved in setting up a through 
telephone trunk call are likely to be more involved 
than in the telegraph case, but this is only one of a 
number of important respects in which the two cases 
differ. 


VoL. 80. 
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ULTRA-SHORT-WAVE REFRACTION AND DIFFRACTION* 

By T. L. ECKERSLEY, B.A.. B.Sc. 

[Paper first received lOiA December, 1935, and in final form 20th October, 1936.) 


SUMMARY 

The work of G. N. Watson on the propagation of electric 
waves over a spherical earth has been extended by the author 
to take account of the finite resistivity of the earth, the efiect of 
which is of great importance in ultra-short-wave transmission. 

The wnrk is in such a form that the field intensities above 
the earth can be computed numerically. The effect of refrac¬ 
tion in the earth’s atmosphere can also be taken into account. 
The results for a range of wavelength between 2 and 10 m 
and for heights up to 4 000 m and distances up to 400 km, 
are published in the paper in a set of curves, the general 
properties of which are discussed. 

The effect of atmospheric refraction is considered, and a 
comparison between observation and theory is made, in which 
good agreement is obtained, on the average, when neglecting 
refraction. Major changes may, however, be produced 
occasionally by refraction. 


PROPAGATION CURVES FOR ULTRA-SHORT 

WAVES 

It is probable that ia the near future ultra-short 
waves, i.e. those below 10 m, will be extensively ex¬ 
ploited for television and for short-distance point-to-point 
and aircraft communications. It is therefore essential to 
know the ranges and physical transmission properties of 
these waves. The curves reproduced in this paper are 
intended to give this information in graphical form. 

The curves show the field intensity for all distances 
up to 400 km and at all heights up to 4 000 metres, 
produced by a vertical doublet—a radiator so short 
as to give a cosine diagram—situated on the earth’s 
surface and radiating 1 kW. Also, by the reciprocal 
theorem, the roles of receiver and sender can be reversed, 
so that the curves give the field produced by a raised 
transmitter at a receiver on the surface of the earth, 
within the ranges of height and distance already speci¬ 
fied. Finally, they can be made to give the field at 
any given height h.^, from a transmitter at any other 
height Ji^, measured above the spherical earth surface. 

As in the case of the longer-wave broadcast trans¬ 
mission, the field depends to a great extent on the 
earth’s conductivity (cr) and permittivity (/c), but whereas, 
in the long-wave case, oversea transmission can be 
regarded as equivalent to transmission over a perfect 
conductor, at the ultra-short wavelengths the behaviour 
over sea departs very markedly from that for trans¬ 
mission over a perfect conductor. Curves are therefore 
calculated for the following earth constants (in e.m.u.): 
cr = /c = 6, for overland transmission; a = 10—^^, 

K = SO, for oversea transmission. Although the curves 

.* The Papers Committee invite written communications, for consideration 
■with a view to publication, on papers published in the Journal without being 

3t a meeting. Communications (except those from abroad) should reach 
the Secretary of The Institution not later than one month after publication of 
the paper to which they relate. 
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are self-sufficient, a few words of explanation are re¬ 
quired to indicate the assumptions made and the 
limitations involved. 

Ultra-short-wave transmission has generally been 
treated by the methods of geometrical optics. Thus, 
in Fig. 1, a transmitter T at a height 1i^ is supposed to 
have a visual range TR, where R is so chosen that the 
plane TR is tangential to the earth’s surface ,at R. 

The points on the surface of the earth beyond R are 
in the shadow of the “ bulge ” of the earth, and, accord¬ 
ing to geometrical optics, nothing would be received at 
such distances. 

As a concession to the wave theory, it is generally 
admitted that some energy leaks into the shadow region, 
but the amount of spread is generally left to guesswork. 
Some such concession is necessary, because otherwise, 
according to the geometrical ray theory, a transmitter 
on the surface of the earth should have practically no 



range at all. It is clear that the problem is not one of 
geometrical optics but one that requires the full wave 
theory for its solution. 

This theory has been worked out by many eminent 
mathematicians, including Pomcar6, Nicholson, Love, 
and MacDonald. A certain amount of disagreement 
was cleared up by the work of G. N. Watson, and it is 
generally admitted that his mathematical results are 
beyond reproach. 

The following well-known diffraction formula, giving 
numerical results, has been derived by Van der Pol 
from Wa'tson’s analytical results:— 

Ab sin id 

where € == field intensity, in millivolts per metre; 
h = “ effective height,” in km; I = current (r.m.s.), in 
amps.; A = wavelength, in km; and 6 = angular dis¬ 
tance between transmitter and receiver. In the deriva¬ 
tion of this formula it was assumed that, in effect, the 
conductivity of the earth was so high that it could be 
considered a perfect conductor; again, the field at a 
height above the earth’s surface was not considered. 
Thus the formula is not adequate to describe the 
behaviour of ultra-short-wave transmission where the 
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effect of the height of the receiving and transmitting 
aerial requires to be known and where the effect of the 
earth’s constants must be included. A short-cut method 
enabled the present author* to determine the modifica¬ 
tion of the exponential factor in the above equation due 
to the finite conductivity of the earth. A development 
of this method, by which certain characteristic numbers 
involved in Watson’s solutions can be recalculated for 
the case of finite earth conductivity, has enabled the 
complete solution to be obtained at various heights and 
distances. The results are in such a form that the effect 
of atmospheric refraction can be included. The curves 
here presented are derived from these mathematical 
results, but the effect of refraction is neglected. They 
are based, therefore, on the assumption that the earth 
is of uniform conductivity a and permittivity k, and 
that the permittivity of the regions outside the earth 


from the transmitter. Again, on ultra-short jwavelengths 
the slope of the curves (loss, in db per km) is indepen¬ 
dent of the earth constants. 

Finally, a close scrutiny shows another general property 
possessed by the curves, a property which is also, of 
course, implicit in the mathematical analysis. It is this; 
above a certain height which is only a slowly varying 
function of the wavelength, the gain in field strength with 
height is, to a high degree of approximation, independent 
of the earth constants. It is consequently only a function 
of h and A in the form Experimental measure¬ 

ment of the height/gain relation, as well as measurements 
of the slope of the field-intensity/distance curves, afford, 
therefore, a very useful check on the theory, since in this 
comparison between observation and theory no doubtful 
earth-constants are involved. A single master curve, 
in which the gain in decibels above Jiq is plotted as a 



Fig. 5. — Height/gain curves (h and A in metres). 

The following are the figures of decibels to be subtracted;— 

Land. 2 m, Odb; 4 m, 2-2 db; 6 m, 3-7 db; 8in, 4-9 db; 10 m, 5-9 db. 

Sea. 2 m, 13-6 db; 4 m, 18-0 db; 6 m, 20-8 db; 8 m, 22-9 db; 10 m, 24-4 db. 


is constant and equal to unity. The general solution 
is obtained as the sum of a number of terms of which 
the first is predominant at sufficiently large distances and 
for sufficiently small heights. The curves (Figs. 6-25) 
are calculated in the regions where the first term is 
predominant. In each figure, the broken line gives the 
inverse distance field for propagation over a plane 
perfectly-conducting earth. The estimated uncertainty 
in the curves outside these regions is not greater than 
2 or 3 db. 

CHARACTERISTICS OF CURVES 
The most obvious feature of the curves is that in the 
region where the first term of the diffraction formula is 
predominant, the curves for various heights are all 
parallel. This implies that the gain in decibels resulting 
from an increase in height of receiver (or transmitter) 
above the earth’s surface, is independent of the distance 

* Proceedings of the Royal Society, A, 1932, vol, 136, p. 490. 


function of hX~^, can therefore be constructed. This 
auxiliary curve is shown in Figs. 2 and 3. It gives the 
part of the curve for the height/gain relation for heights 
above Ag. The value of is such that is practically 
equal to 60. 

An example will make the use of this curve clearer. 
Thus, if we wish to know the ratio of the field intensity 
at a height h to that at h^, we first calculate ^A~^ (A and 
A are expressed in metres). Suppose ^ is 800 m and 
A is 8 m; then hX~’^ = 200. The value on the decibel 
scale corresponding to this is 61 db. The value at Ag is 
41 db. Therefore the ratio of the signal intensity at 
h = 800 m, A = 8 m, to that at \ is (61 — 41) db, i.e. 
20 db, or 10 to 1. 

Below Iiq, however, the height/gain relation is very 
sensitive to the earth constants. Thus, in raising the 
receiver or transmitter from the ground to a height h^, 
there is a very much greater gain over land than over sea. 
This is shown in Figs. 4 and 5, where the single curve 
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giving the relation between S,A~^ and decibels gain, intensity above the ground intensity by using the figures 
which is appropriate for hX-^ > 60, fans out into a appended to the curves. Thus, if we obtain directly 




Fig. 7.—Results obtained over sea; A = 2 m, /c == 80, a = 10~^^ IkW radiated. 
Figures against curves indicate height of receiver or transmitter in metres. 


sheaf of curves for different values of the eaxth constants from the curves the decibels corresponding to a given 
and waveleng^ in the region where hX-^ lies between height h, then we have only to subtract the figure 
0 and 50. Figs. 2-6 can be used to obtain the gain appropriate to the nature of the transmission (e.g. for 
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8 m over land, 4*9 db) to obtain the gain (on a wave- curves (Figs. 6 to 26), and then the gain bn raising the 
length of 8 m) due to raising the receiver to a height h receiver to a height is given by the curves of Figs. 2, 
above the land. 3, 4 , and 5. The resultant field is thus found. 




We can use these curves to give the field at a height The characteristics of the usual working theory, in 

at the receiver due to a transmitter at height Thus which diffraction effects are only introduced beyond t-he- 
the field on the ground at the required distance from a geometric “ visual ” range, are illustrated diagrammati- 
transmitter at height is first determined from the cally in Fig. 26. The field (curve A) maintains its inverse- 
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distance characteristics up to the visual range, after which 
it drops suddenly in the shadow region. The true curve 
for heights above 200 metres illustrates these charac- 


distance, transmission behaves approximately as the 
rough working theory suggests. On the other hand, for 
the lower heights, up to 200 metres or so (curve B), such 



Fig. 10.—Results obtained over sea; A = 6m, k = 80, o — 10"^^ 1 kW radiated. 



teristics, though the point of inflection P at the visual 
range is very much rounded off, and the actual field at the 
visual range is some 10 to 30 db below the unobstructed 
(inverse distance) value. Thus at sufficient height and 


as might be used in television practice, there is abso¬ 
lutely no indication on the curve of any inflection such 
as occurs at the visual range in the other cases. 

To express the results in terms of visual range, in the 
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expectation of a sudden drop of field strength beyond 
this, is, if not false, at least meaningless. Physically, 
the meaning of the results is fairly clear. The earth 


This characteristic, namely the absence of marked 
quasi-optical visual-range efiect, is associated with the 
following fact noted in the mathematical treatment. It 




has taken such a toll of energy in the case of relatively is found that the results can be expressed in a quasi- 
low transmitters, even within visual range, that the optical manner with respect to a fictitious radius (Eq) of 
extra shadow efiect beyond this range is entirely the earth which is greater than the actual radius {R). 
obscured. The difierence between and R is of the order of 
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200 metres, for a wavelength of 10 metres, and is a 
slowly varying function of the wavelength as well as of 
the earth’s constants. The height, Rq — R, is the 


appear. These results are illustrated in Fig. 28(a), from 
which it is obvious that, if the height of the transmitter is 
less than (i?g — R), no meaning can be attributed to visual 




height Kq referred to in the previous paragraphs, and is 
shown in Fig. 27 as a function of the wavelength. It is 
only when the transmitter (or receiver) is well above this 
radius that the quasi-optical visual-range effects begin to 


range in the altered sense described above. This leads 
to tire following practical rule: If unobstructed trans¬ 
mission is required between points T and B, the line TB 
must not approach the earth nearer than (JSq — R). 
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|For heigMs less than about 600 metres, and distances field at R is calculated as the resultant of the direct 
less than 60 km but greater than about 3 km, the ray TR and the reflected ray TER [Fig. 28(6)]. ''The 




Fig. 17.—Results obtained over land; A = 2 m, /f = 6, a = 10 1 kW radiated. 

Figrares against curves indicate height of receiver or transmitter in metres. 


intensity is proportional to the inverse square of the larger-scale curves for distances up to 100 km are calcu- 
distance. This follows from Sommerfeld's theory, or lated in this manner, and the transition to the diffraction 
equally well from the approximate theory by which the curves is reasonably well defined (see Fig. 29). These 
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results have been recently checked experimentally,* but 
as long ago as January, 1926, the same law was determined 
experimentally in a 10-metre transmission in a range 


C.C.I.R. Documents, Lisbon (vol. 1, Propositions, p. 1294), 
in winch the measured attenuation is shown to agree 
closely with the calculated value. The theoretical gain 




between 6 and 25 miles and correctly explained as a 
consequence of Sommerfeld’s theory. Other experimental 
confirmations of these diffraction curves are given in 

* B. Trevor and P. S. Carter : Proceedings of the Institute o1 Radio Engineers, 
1038, vol. 21, p. 387; also C. R. Burrows, L. E. Hunt, and A. Decino: Bell 
System Technical Journal, 1936, vol, 14, p, 263. 


in decibels as a function of the height has also been 
checked against the experimental autogyro results 
obtained by Trevor and Carter and by Jones, and good, 
agreement found. The above experimental checks con¬ 
stitute a considerable body of evidence that, although 
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fading at extreme distances may imply a small degree extreme distances, wMch. the author considers can only 
of refraction, the major part in ultra-short-wave trans- be caused by variation in the gradient of the refractive 
mission is played by diffraction. index of the air near the surface of the ground. The 




REFRACTION . alternative hypothesis that the variations are due to 

Although, as stated above, the major factor controlling reflections from the ionosphere seems very doubtful, for, 
ultra-short-wave propagation is diffraction, there is not although there is evidence of reflections at normal inci- 
wanting evidence of variation of signal intensity at dence of waves well above the critical frequency, the 
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reflections occur in sporadic bursts and are very unlike 
the slow fadings observed in ultra-short-wave propaga¬ 
tion. On the other hand the extreme ranges, recently 


of the ultra-short-wave band. With the approach of 
sun-spot maximum conditions, waves of this kind are 
likely to be propagated over long distances and so may 




recorded, of police-car signals on 9 metres from America, 
and television signals from Germany, are evidence of 
reflection from the ionosphere at glancing incidence. 
These reflections ate likely to occur at the upper limit 


interfere with local reception on these waves, but regular 
long-distance working with such waves will be impossible 
on account of unreliability. Waves below 10 metres will 
usually be too close to the limit to give reliable working. 
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This ultra-short-wave fading is of extreme importance 
from the practical point of view, for in general it sets a 
limit to the range of a service long before the average 


the scope of such methods. If ray methods are used, 
they require justification by a more complete wave 
analysis. Fortunately the wave method, by which 



Fig. 24.—Results obtained over land; A = 10 m, «■ = 6, a — 10“’''', 1 kW radiated. 



signals become too weak. Thus the study of ultra-short¬ 
wave propagation would be incomplete without an 
analysis of the effect of refraction. This is in the main 
not an optical ray problem, for diffraction lies outside 


the diffraction curves above were calculated, allows 
an easy extension to the case where the atmosphere 
above the earth has a vertical gradient of refractive 
index. 



ECKERSLEY; ULTRA-SHORT-WAVE REFRACTION AND DIFFRACTION 


299 


The field intensity beyond the visual distance, where 
fading is in evidence, can be expressed in the form 

-(277)^/3„(i 



where is a constant determined in the diffraction 
analysis, d is the distance, and is the earth’s radius. 
The field intensity is mainly controlled by the expo- 


diffraction formula is now apparent. The circumstances 
are illustrated in Fig. 30(a), where TS is the earth’s 
surface and TR is the tangent ray, curved downwards 
by the effect of the gradient of refractive index in the 
atmosphere above the earth’s surface. If we now make 
a mathematical transformation such that any radius t 
becomes r[R-^j{R^ — r)], the radius of curvature of TR, 
where r = R^, becomes infinite, and that of the earth 
R-oRyKR^ — In the transformed space the ray TR is 
a straight line [Fig. 30(5)], and the earth’s radius 
IS increased from Rq to RqRJ{R.^ ~ R^). 

The problem of propagation in the transformed space 
is now one in which there is no effective gradient of 
refractive index outside the earth (T^R^^ being a straight 
line), and the solution is the same as that previously 
given, with R^ in place of Rq. Shelleng, Burrows, and 
Ferrell have employed this method for determining the 
effect of refraction, using an argument similar to the 
above. 

It can now be seen that this argument is justified 
from the wave point of view. It should be noted, 
however, that the coefficient A should also be changed. 



nential e-^^. A is the amplitude factor, similar to the 
^ , 0-6386/iZ. _ 

factor ' m Van der Pol’s diffraction formula, and 

modified by a factor 7 (< 1) which takes account of the 
earth constant. It is only a very slowly vg,r 3 dng 
function of distance. 

Assuming a practically uniform gradient in the atmo¬ 
sphere, which would be a natural consequence of the 
upward decrease in molecular density in the atmosphere, 
it is found that the effect of this gradient is to modify 
the exponential coefficient by substituting an equivalent 
earth’s radius Rq for Rq, where 




The distance which depends on the gradient of 

refractive index (/x) bemg is readily interpreted 

as the radius of curvature of the ray caused by the 
vertical gradient of the refractive index. 

The physical meaning of the modification to the 


but this change is small so long as R' is considerably 
greater than Rq, as is usually the case. The change in 
A cannot be allowed for by putting i?' in the place of Rg. 



a) 




Fig. 28 

In (a), Tj has no effective visual range. X is expressed in metres. 


One poiat is significant in the analysis: it appears 
that it is mainly, if not entirely, the gradient of the 
refractive index in the first few hundred metres which 
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Fig. 29.—Continuity of reciprocal and diffraction values: results obtained over land, A == 10 m, 7i = 500 m, 

_ _ _ _ Reciprocal theorem. 

- - - , Diffraction theory. 


counts, at least as far as transmission feom one point on 
the ground to another on the ground is concerned. 

The magnitude of the refraction effects depends on 
the gradient of the refractive index of the atmosphere. 
The refractive index of air is well known, and is pro¬ 
portional to the density. Since the density decreases 
upwards in the atmosphere there is a vertical gradient 
of n which can be computed when the pressure gradient 


T 




is known. Water vapour has a high refractive index, 
and the effect of a small percentage is very pronounced.* 
The relative refractive indexes of air and water vapour 
are given in the following table:— 


, Temperature 

45° C. 
63° C. 
83° C. 


H. (air) 

1-000574 

1-000554 

1-000534 


lA, (water vapour) 

1-01033 

1-00965 

1-00898 


ropii^^Ti/w M ^ ^ Englund, a. B. Craw- 

FORD, and W; W. Mumford: “Further Results of a Study of Ultra-Short- 
„ Phenomena,” Bell System Technical Journal, 1936, vol. 14, 

?! >1 ■ data^may be obtained from Humphrey’s “Physics of the 

on" Ph® Thermodynamics of the Atmosphere ” in 
SApplied Physics” (vol. 3, p. 44), The diagram on p. 61 

water ^ the large increase of saturated 

water-vapour density in summer as compared with winter. 



Fig. 31.—Ultra-short-wave diffraction. Results obtained by 
Jones at 61 megacycles per sec., in transmission from 
Empire State Building, New York. 

The diffraction curve is adjusted to fit at A. 

X X Observed field intensity, 
o o Calculated relative field intensity. 


The difference of /x from 1 in water vapour is nearly 
20 times as great as that for air, so that the effect of 
even a small percentage of water vapour is very con¬ 
siderable. 


C ERSLEY; ULTRA-SHORT-WAVE REFRACTION AND DIFFRACTION 


Englund, Crawford, and Mumford have given the 
following formula for calculating :— 

^ X 10® 1 

^ 31185 S , /10 159 \”1] 

+ a _ _ 0-283) 11 

where M is the molecular weight of the gas involved, 
a the percentage of water vapour, t the absolute tem¬ 
perature, and h the height. A typical numerical 
example has been worked out for average conditions 
on the surface of the earth, with 1 • 37 per cent water 
vapour, giving R' = 2^ 000 km. In the absence of the 
1 • 37 per cent of water vapour, R' would be 39 000 km. 
In the former case the increase in range at which a 
given field intensity occurs is 



Distance from Clielmsford, km 

Pig. 32,—Aeroplane test. Results obtained on wavelength 
of 53-4 m, 1st October, 1935. 

i.e a 27-4 per cent increase. In the latter case the 
increase is [39 000/(39 000 - 6 360)]^, i.e. 14-2 per cent. 

These considerations, taking into account the con¬ 
siderable increase in water-vapour density in the summer, 
give a very plausible explanation of the now well-estab¬ 
lished result that the signal-intensity values well beyond 
the visual distance are much greater in summer than 
in winter. The effect of refraction is to increase the 
range, especially when, for instance, there are temperature 
inversions at the surface of the earth. 

The varying refractive index of the atmosphere is 
VoL. 80. 


probably the cause of the fading observed at extreme 
distances, which limits the reliable range. A given 
percentage variation in the gradient will produce a 
much greater percentage effect where the total attenua¬ 
tion is large than where it is small. Serious fading will 
therefore set in at ranges where the total attenuation 
is large. It must be left to observation to determine 
how large, but from the limited results obtained by 
Englund, Crawford, and Mumford it is suggested that 



Kilomekres 

Fig. 33.—Aeroplane test. Results obtained on wavelength 

of 950 m. 

—■ — — — Diffraction curve. 

- Observed values (Fassbender, Eisner, and Kurlbaum). 

—I - —, _ Sommerfeld curve. 

an attenuation of about 30 db below the “ free-space 
field ” or inverse distance is reasonable. 

EXPERIMENTAL CHECKS OF DIFFRACTION 
FORMULA FOR VARIOUS WAVELENGTHS 

It is very desirable to check, experimentally, the 
theoretical conclusions discussed above, if only for the 
purpose of finding out whether there are important 
factors in ultra-short-wave transmission, e.g. lower- 
atmosphere refractions, other than those taken into 
account in the main analysis. 
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REFRACTION AND DIFFRACTION 

In choosing the quantities to be compared with experi¬ 
mental observations it is desirable to leave out those 
which depend on the absolute amount of power radiated 
by the transmitter, since, in general, there is considerable 
difaculty in determining this quantity accurately. Rela¬ 
tive, but not absolute, intensities can be checked fairly 
well. For the purposes of comparison use is made of 
the slope of the curve relating the logarithm of the field 
intensity to the distance, to compare with the calculated 
slope. Experimental data can be obtained from Ameri¬ 
can results.* 

An example is shown here (Fig. 31) in which AA^ is 
the average curve of a large amount of data obtained 
by Jones in experimental transmissions from the Empire 
State Building, New York, on a frequency of 61 Me. 
The observed rate of attenuation (or slope) is some 
14 per cent less than the calculated; this difference may 



Fig. 36.—^Height/gain observations. Results obtained by 
Jones at 44 naegacycles per sec., in transmission to 
distance of 102 km from Empire State Building, New 
York. Height of transmitting aerial, 396 m. 

X Calculated relative gain, 
o Observed relative gain. 

be due to atmospheric refraction. In the case of a 
normal atmospheric distribution of air density, when the 
effect of water vapour is neglected, the attenuation slope 
should be reduced approximately 16 per cent. 

Another example is shown in Fig. 32, which represents 
the ground-ray intensity from a 63 • 4-metre transmitter 
in an aeroplane flight from Croydon to Cologne. Beyond 
150 Irm, the visual range, the slope of the log (field)/dis- 
tance curve is constant and agrees closely with the slope 
calculated according to the diffraction theory. The 
measurement of the ground ray at these distances, 
where the reflected ray was generally predominant, was 
made possible by means of the impulse technique, in 
which the ground ray was separated from the reflected 
ray by an interval of about 2 milliseconds. 

To illustrate the scope of the diffraction theory the 
following examples on medium waves are given. 

Fig. 33 gives an example for 960 metres, and consists 
of field measurements of medium-wave transmissions 

♦ Proceedings of the Institute of Radio Engineers, 1933, vol. 21, pp. 349-161. 




ECKERSLEY: ULTRA-SHORT-WAVE REFRACTION AND DIFFRACTION 


303 


from an aeroplane. The experimental curve is com¬ 
pared with (a) the diffraction curve (cr = 7-5 x 10“^^), 
and {b) the Sommerfeld curve (cr = 7-1 x lO-^^). The 
agreement with the former is very good. 


better agreement with the results than the Sommerfeld 
curve. The scattered observations are probably caused 
by the hilly country iir which the measurements were 
taken, i.e. North England and Scotland. Fmally, the 



Fig. 37.—Height/gain observations. Results obtained by Trevor and Carter at 34 megacycles per sec., in transmission to 

distance of 59-6 km from Rocky Point. Height of transmitting aerial, 39 m. 

X Calculated relative gain, 
o Observed relative gain. 



Fig. 38. Ileight/gain observations. Results obtained by Trevor and Carter at 44 megacycles per sec., in transmission to 

distance of 185 km from Empire State Building, New York. 

X Calculated relative gain, 
o Observed relative gain. 


In Figs. 34 and 35, measured values of Daventry and 
Warsaw are compared with the diffraction values. In 
the case of Daventry the points fall rather irregularly, 
but there is no doubt that the diffraction curve is in 


Warsaw results (Fig. 35) show very good agreement 
with the diffraction values, The country is fiat, and 
the observed curve is a smooth one agreeing closely with 
the calculated curve for o- = 1-16 x lO-i®. 
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With regard to the examples shown in Figs. 31 and 32, 
it should be emphasized that the calculated results do 
not involve any arbitrarily-assumed earth conductivity 
or permittivity. The calculated attenuation depends 
only on the wavelength {and, of course, the earth’s 
radius) so long as the wavelength is so short that 

O-i'A® < 10 

Even with sea water this condition is satisfied, and in 
every case of overland transmission the quantity crlA« 
should be well below the limiting value. The reason 
for this is that in the diffraction attenuation factor 
the parameter Tc approaches a definite limit \ 
when the frequency is high enough, and fcg when the 
frequency is low enough. 

Perhaps the best quantity to compare with experiment 
is the gain in signal strength with height above the 
earth in regions beyond the visual range. This gain of 
signal intensity with height has been measured by many 
observers in America, using either aeroplanes or auto¬ 
gyros. Examples of the results are given in Figs. 36, 


37, and 38, which show that the calculated gains agree 
with the theoretical gains within a few decibels over 
quite a considerable range of height. The gains are 
plotted as a function of hX^, since the theory shows 
that they should be a function of this and this only. 
Thus it is again possible to check the theory without 
invoking the help of any arbitrarily-estimated earth 
constants. Although in the main agreement of observa¬ 
tion and theory is very fair, individual cases of wide 
divergence have been recorded. Englund, Crawford, 
and Mumford have given an example where there was 
practically no gain with height well beyond the visual 
range. Again, they have found occasions where the 
field intensity just beyond the visual range has varied 
by as much as 20 db from one day to another. Such 
effects are no doubt due to refraction, which may on 
occasion produce profound variations, but if the present 
author's reading of the average results is correct such 
occasions are rather the exception than the rule. An 
estimate of the effect of atmospheric refraction can be 
obtained by comparing the observed results with the 
calculated ones. 
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SUMMARY 

After a brief description of Berlin and its chief electric 
supply company, the Berliner Kraft und Licht (Bewag) A.G., 
the existing distribution system in Berlin is described in 
detail. Special reference is made to the introduction of 
low-voltage grids and to experiments in feeding them direct 
from 30-kV cables, the protective systems employed being 
also discussed. The paper concludes with a reference to the 
work done b}'- the company’s research departments. 
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TERMINOLOGY 

The following terms are used throughout the paper;— 
" Distributing stations ” are 30/6-kV substations with 
attendants, supplied from the 30-kV grid and feeding 
the 6-kV substations. 

“ Suburban distributing stations ” are 30/6-kV sub¬ 
stations of simplified design, usually unattended, 
which have been recently introduced for suburban 
areas. 

” 6-kV substations” are 6-kV switch-houses fed from 
the local distributing station and supplying neigh¬ 
bouring transformer stations through ring mains. 
"Transformer stations” contain from one to three 
transformers (6/-38-kV in the Three-Voltage System, 
or 30/'38-kV in the Two-Voltage System) feeding 
the low-voltage network, 

" Suburban areas ” are areas in which the load density 
is less than 2 800 kW per square mile. 

(1) INTRODUCTION 

A critical comparison of electrical development in 
different countries is rendered difficult by contrasts 
in social, economic, and even climatic conditions in the 
countries under review. In the electric supply industry 
these differences have far-reaching effects on the nature 
of the load which can be developed, and also on the design 
of plant and the layout of distribution systems. In 
Great Britain a considerable part of the electrical energy 
sold for domestic purposes is used for heating; but in 
many parts of the Continent, because of the extensive use 
of steam-heating, the development of an electrical heating 
load becomes very difficult. This applies in particular 


to Berlin. As the temperature there is below zero 
during a great part of the winter, most of the people 
live in flats and houses that are equipped with steam 
central-heating. In order to obtain a reasonable 
diversity factor for the domestic load, it is therefore 
necessary to pay particular attention to the sale of 
electric cookers and water-heaters. 

In a similar way, economic and climatic conditions 
have their effect on the design of plant. The engineer 
visiting Germany is impressed by the absence of oil- 
filled ironclad switchgear, by the preference for open 
busbars, and by the rapid development of the expansion 
switch. 

These national differences in electrical equipment are 
seemingly inevitable, and are not always easily explained. 
But the underlying problem facing the supply engineer— 
the provision of a constant and reliable supply of elec¬ 
tricity as economically as possible—is universal. Coun¬ 
tries often have their own methods of approaching it; 
and, though local conditions will affect the details of 
the solution, the general principles adopted may open 
up fresh lines of thought to those facing very diffei'ent 
local requirements. 

Last year, through the kindness of Dr. Adolph, one 
of the managing directors, the author was privileged to 
spend a few months in Berlin as the guest of the Berliner 
Kraft- und Licht- A.G,, that is, the Berlin Power and 
Light (Bewag) Co., the " Bewag ” as it is called in 
Germany. It is the purpose of this paper to describe 
how in the year 1924 the company attempted to solve 
the distribution problem for a large industrial city by 
treating it as a single unit, and how, in 1929 and subse¬ 
quent years, these plans were modified in the light of 
experience. 

It is not possible in a single paper to deal adequately 
with the whole of the Bewag organization, or to attempt 
to analyse the whole chain of cause and effect that gave 
rise to the present system and made the company one 
of the best-known in Germany. But, in order to under¬ 
stand the significance of the latest developments, it is 
desirable to say a little about Berlin and the growth of 
its supply system during the last decade. Other points 
of interest will be dealt with briefly, and the author would 
like to refer here to the Bibliography at the end of the 
paper. Most of the articles referred to were written by 
engineers of the Berlin Company, and have been of 
material assistance to the author. 

(2) BERLIN AND THE “ BEWAG ” 

Berlin—^the centre of many German industries, 
including the electrical manufacturing industry—^is a 
rapidly growing city. At the time of the Great War, 
Berlin itself was still comparatively small but was sur- 
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rounded by a number of satellite towns, each possessing 
its own electric supply system. In 1920 these towns 
were combined to form Greater Berlin, which to-day is 
one of the largest cities in the world—more than half 
the size of Greater London, and with half the population 
of the latter. 

Berlin now covers an area of some 360 square miles 
and has a population of just over 4 millions.* The 
average density of population is almost the same as 
that of Greater London; but the greater part of the 
population lives in flats, with the result that only 28 per 
cent of the total area is fully developed. This central 
district is bordered by lakes and forests covering a 
further 27 per cent, tlae remaining 46 per cent being 
mainly undeveloped country and small holdings. As 
a result of this concentration, the actual density of 
population in central Berlin is very high indeed. A park 
divid es the city into two parts—old Berlin and Charlotten- 
burg—and each of these forms a separate load centre, 
the maximum load density being about 56 000 kW 
per square mile. 

Until 1929, the load was developing at the rate of 
50 000 kW per annum; but the economic crisis was felt 
very severely in Germany and the load fell off con¬ 
siderably, though in this respect the Bewag fared no 
worse than most of the other German supply companies. 



Fig. 1.—Development of Bewag load, 1884-1934. 


stations to the north and south-east. These lines bring 
power from Trattendorf and Zschornewitz, two large 
stations on the lignite field in Central Germany. These 
stations are relics of the Great War and have been ex¬ 
tended from time to time. A list of the stations is given 
in Table 1. 

In addition to the two chief stations in Berlin, there 
are a number of smaller and older stations which are kept 
in commission as reserves, but the only one of im¬ 
portance is the station at Charlottenburg, which was 
reconditioned in 1929. In 1926 this station, which is 
near the centre of the load, was equipped with pass-out 
turbines connected to a public heating system, and an 
experimental Ruths steam accumulator was afterwards 
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Fig. 2.—^Typical load curves showing the use of the Ruths 
accumulators and also a lighting peak due to a thunder¬ 
storm. 


During the last few years the load has gradually recovered, 
the average annual increase being just under 10 per cent. 
In 1934 the company sold 1 188 million units, with a peak 
load of 439 000 kW. The total consumption in Berlin 
(see Fig. 1) was 1 450 • 8 million units, that is 345 • 8 unjts 
per head of population, which compares favourably with 
other Continental cities. 

The Bewag system load-factor was 36*2 per cent.f 
Noticeable features of the load curve (see Fig. 2) are the 
smallness of the midday valley and the size of the 
morning peak. These features are chiefly due to the 
heavy traction load connected to the system. 

The bulk of the power is supplied from two large 
central stations, namely Klingenberg, east of the city, 
and Kraftwerk West, to the west. One of these stations 
maintains the frequency, using automatic relays for the 
purpose. A large part of the power for the base load is 
imported over 100-kV lines, which terminate in sub- 
* 4 024 286 at last census. 

t This figure is based on. the total number of units generated and the system 
peak-load. 


installed. In 1929 the capacity of the steam accumulators 
was increased, and they can now deliver 73 000 kWh 
per charge at a maximum rate of 60 000 kVA. 

For local-government purposes Berlin is divided into 
20 districts, and 16 of these are now supplied with 
electricity by the Bewag. This unification was not a 
sudden achievement, but was the result of many years 
of careful planning. The movement started with the 
pooling of generating resources; then came the intro¬ 
duction of common tariffs. Financial mergers only took 
place when opportunities occurred. The company is 
controlled by two managing directors. One of these 
(see Fig. 3) is a commercial expert and controls the 
departments which are chiefly commercial; the other is 
a technical expert and directs the more technical depart¬ 
ments. In most of the larger departments the principle 
of centralized control and decentralized area management 
has been followed for some years with very satisfactory 
results. One of the great advantages of this method 
lies in the economies achieved through inter-area 
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Fig, 3.—Organization of the Bewag, showing the main and subordinate departments, 

* One of these is allotted to each department to keep the accounts. 
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competition and in the limitation of the district offices 
to a reasonable size. 



Table 1 




Generating Stations 

IN Berlin 


Date of 



Installed 

construction 

Name of station 

Duty 

capacity kW 

1926 

Klingenberg .. 

Base load 

270 000 

1930-32 

Kraftwerk West 

Day load 

224 000 

1929 

Charlottenburg 

Peak load* 

50 000 

Rebuilt"! 
1925-6 J 

Charlottenburg 

Base load 

54 OOO 


Moabit.. 

Winter peak 




load 

77 750 

— 

Rummelsburgf 

Winter peak 




load 

69 200 

— 

Spandau .. 

Local load 

49 400 

1910 

Steglitz, etc. .. 

Local load 

6 600 


Total Bewag capacity 


800 950 


Other Sources. 

Elektrowerke lines from 
Zschomewitz and 

Trattendorf .. Base load 130 000 

Marldsche E.W. .. Local load 12 400 


Total available kW 943 350 

* Accumulator available for 3 hours. 

t The Rurmnelsburg station, which is an old one, has now been shut down 
but could be brought back into service in an emergency. 


(3) THE THREE-VOLTAGE GROUP SYSTEM 
The early development of the Bewag system resembled 
that in any other large town. At the beginning of 
1924 three stations, all under 100 000-kW capacit 5 ^ 






Fig. 4.—Principles of the Two-Voltage and Three-Voltage 

Systems. 

A. Generating stations. E. Convertor statioTis. 

B. The 30-kV grid. F. The 6-kV substations. 

C. A distributing station. G. Low-voltage d.c. network. 

D. The corresponding G-kV radial H. Low-voltage a.c. network. 

network. J. Bulk consumer at G kV. 

were supplying the load through radial 6-kV feeders. 
The system was divided into two sections, which since 
1918 had been running in synchronism. The inter- 



Fig. 5.—Schematic diagrams of distributing-station connections. 

P. Petei-seii coil. X- Switch normally open. 

H. HotSe^^trarSfornm-?*' Switches which are normally closed are indicated by a black dot on the busbar, 

ph. ad. Phase advancer. Note. —^The layout of the C-kV substations is similar to that of the 6-kV 

S. Coupling switches for connecting auxiliary switch-house in the distributing stations. The coupling switches are closed 

busbars to group busbars. automatically if the normal supply fails. 
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connection was made oyer the two 100-kV overhead 
lines from the stations on the lignite field. Between 
1924 and 1930 the two large central stations were built. 
When the first station was being planned in 1924 it 
was proposed to connect it with the 100-kV substations, 
which lay approximately north and south, by a double 
30-kV ring. But about that time Dr. Riihle of the 
Bewag visited America, and on his return the company 
decided on a 30-kV grid from which the low-voltage 
system should be fed through radial 6-kV feeders. 

This system became known as the “ Three-Voltage 
Group System ” because of the three voltages used, 
namely 30 kV, 6 kV, and 380/220 volts, and because 
the networks were divided into groups and so arranged 
as to make the effect of the failure of any single unit, 
such as a cable, very slight. For this purpose Berlin 
was divided into a number of sections; there are now 
24 of these sections, with peak loads varying from 20 000 
to 50 000 kVA in the central area. All the substations 
in each section are supplied from a single distributing 
station (30-kV substation) connected to the 30-kV grid 
and situated near the centre of the section. Fig. 4 shows 
diagrammatically the principles of the scheme. At the 
top are parts of the busbars of two independent generating 




Dimensions in millimetres 
(.nO-l-Snim = 1 ft.) 


Fig. 6.—Transformer station (30/-22 kV) for the Two-Voltage 
System, constructed beneath the roadway', 

a. 2C0-kyA transformer, 30/-22 kV with off-load tap-changing. 

b. 30-kV isolating switch (oil-immersed). 

c. Low-voltage automatic switch. 

d. Low-voltage cable terminals. 

e. Ventilators. 

/. Entrance. 


underground railway and the d.c. network—there is 
still an extensive d.c. network in the central part of 
Berlin—are supplied through 6-kV radial feeders, each 
consisting of a pair of 0-11-sq. in. cables in parallel, 
each rated at about 3 600 kVA. The busbars in these 
substations are divided into three or four sections, each 
supplied from two independent sections of the distribu¬ 
ting-station busbars. A spare cable is connected to the 
auxiliary busbars and is brought into service auto¬ 
matically when a cable fails (see Fig. 5). 

The low-voltage networks are supplied from small 



Fig. 7.—Plan of Berlin showing generating stations and 
distributing stations. 


• Generating stations over 200 000 kW. 

• Generating stations under 100 000 kW. 

o Generating stations with Ruths accumulators. 

■ Distributing stations (Bewag). 

° Distributing stations (other companies). 

A Suburban distributing stations (unattended). 



Area supplied by Bewag. 

Area supplied by other companies. 

Area supplied by other companies, but interconnected with Bewag 
system. 


Railway lines. 


stations, the power in each busbar section being limited 
to 100 000 kW. The two stations are interconnected 
by a number of 30-kV cables of 0-15 sq. in. cross-section. 
Each of these cables is looped-in to a 12 500-kVA trans¬ 
former in one of the distributing stations. The cables 
are each rated to transmit S 000 kVA continuously, 
which allows a considerable margin for interchange of 
power between stations. 

The 30-kV/6-kV step-down transformers are not 
interconnected at all on the high-voltage side and only 
through reactors on the low-voltage bars; each has its own 
pair of supply cables and its own section of busbars. 
In some of the larger stations a reserve transformer is 
kept on the auxiliary busbars ready for instant use. The 
6 -kV substations and the convertor stations for the 


transformer stations containing two or more trans¬ 
formers rated at 260 or 160 kVA according to require¬ 
ments. These stations are usually housed in the cellars 
of houses and factories; transformer kiosks and special 
buildings are rarely used. The transformers are supplied 
through 6-kV rings from the substations, the cables 
being rated to carry 2 000 kVA. The ring is kept open 
at the centre and is loaded to 1 000 kVA on each leg. 
In the event of a fault in a cable section or station, the 
faulty section is cleared and the remaining sections are 
fed through the ring. Bulk consumers are supplied 
fi'om the 6-kV rings, but special feeders are allocated to 
hospitals and other essential services. Four-core (three 
0*16 sq. in. and one 0-07 sq. in.) cables insulated for 
1 000 volts are used for the 380/220-volt system. 
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(4) THE TWO-VOLTAGE SYSTEM “ Two-Voltage System " because it was proposed to dis- 

The Three-Voltage System was completed in 1927, card the costly distributing stations and to feed the low- 
and since that time there has been no serious interruption voltage mains direct from 30-kV cables radiating from 


Generating-station busbars. 




30-kV cable. 


6-kV cable. 


MoaJbit 



Mauerstrasse 


The 30-kV cable, No. 37, begins at switch 
41 in the Moabit station and ends 
on the D-group busbars, switch 6, 
in the Mauerstrasse distributing 
station. The cross-section of the 
cable is 0-15 sq. in. 



Distributing station with two trans¬ 
formers (the number of transformers 
always corresponds to the number 
of busbar sections). 





Main generator. 
Auxiliary generator. 

Phase advancer. 

Transformer. 


30/- 3S-kV substation in the Two-Voltage 
System. 


Key to Fig. 8. 


Moabit 


West 


Charlottenburg 



6kV substation 
Charlottenburg' 




Klingenberg 
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6kV substation 
Moabit 


m 

6 kV substation 
Rummelsburg 


Fig. 8.—The Bewag 30-kV System, 

This illustration shows a part of the system diagram used in the central control-room. The diagram is printed and circulated at intervals 
to all departments concerned with the network. In the diagram the thick horizontal lines represent the sections of the 30-kV busbars in the 
generating stations; the vertical lines are the 30-kV-cables. They terminate in the distributing stations, which are represented by squares 
enclosing a number of busbar sections; each of these sections has a separate transformer. The C-kV systems are shown on a separate diagram 
which is not reproduced here. The distribution of the generators is shown in the left-hand part of the diagram; it can be seen that sections A 


to the supply in Berlin. In 1929, a simpler and more 
economical system was devised by the Electrical Research 
Department. This system, which is only suitable for 
areas of comparatively high load-density, was called the 


the power stations, the 6-kV system being retained only 
for bulk consumers. 

To work this system satisfactorily, two conditions 
must be fulfilled. First, the low-voltage cables must be 
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connected up in a series of grids, each grid being fed network was laid down. The unit consists of an ordinary 
by a number of 30-kV cables. When this requirement is air-break switch on the low-voltage side of the trans- 
met, the failure of any 30-kV cable will hardly be former, arranged to ti*ip whenever the main circuit 



Fig. 8 {continued). 

and C of the Moabit station aie supplied mainly from the Trattendorf and Zschomewitz lines. Close to the generators a small 6-kV network 
can be seen; this is designed to safeguard the auxiliary supplies. 

[Note. —^The original diagram contains a great deal more information than is given, here. The rating of each generator, phase advancer, 
and transformer, the reference numbers of transformers, cables, and switches, the dimensions of the cables, and the settings of the Petersen 
coils, are all clearly shown and a small plan at the bottom of tlie diagram shows the relative positions of the various stations. The points at 
which the network is to be opened in emergencies are indicated by coloured marks.] 


noticeable. The second requirement is a reliable switch 
at the feeding points, which will prevent the network 
from feeding back into a faulty 30-kV cable. 

A suitable switch was completed in 1930 and the first 


breaker supplying the 30-kV cable opens, and to close 
when the transformer secondary voltage rises to normal. 

The most interesting installation is that in Charlotten- 
burg, a busy centre of the city, where the new system has 
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been used to strengthen the existing network. A single 
220-volt grid is fed simultaneously from the existing 
3-kV* substations and also from a number of new 
30-kV/-22-kV transformer stations (see Fig. 6) supplied 
from the existing high-voltage grid. These stations are 
very compact and some of them are constructed beneath 
the road. This installation demonstrates the flexibility 
of the Two-Voltage System. Fig. 7 is a plan of Berlin, 
showing the location of the generating stations, dis¬ 
tributing stations, etc. 

The costs of the new system have been carefully 
investigated by the company. The extra cost of 30-kV 
cables and of the 30-kV/-38-kV transformers is offset 
by the elimination of the 30-kV distributing stations and 
the 6-kV cables. It appears that the capital cost of the 
Two-Voltage System is substantially less than that of the 
existing system, especially at high load-densities. The 
transmission losses are also considerably reduced. An 
essential feature of the Two-Voltage System is the low- 
voltage grid; an investigation showed that it was not 
economical to lay down such a grid unless the load 
density exceeded 2 800 kW per square mile. 

(5) TENDENCIES IN URBAN AND SUBURBAN 
DEVELOPMENT 

The success of the Two-Voltage System in the last 
few years has led to the preparation of plans for its 
extensive use in strengthening the existing system 
wherever it becomes inadequate. A steady increase in 
the load is to be expected in the next few years, and the 
operating engineers consider that the control of the net¬ 
work will become very difacult and that, should there 
be a complete shutdown, too much time would elapse 
before the supply could be restored. Great stress is laid 
on continuity of supply, and it is therefore proposed, 
as soon as the load reaches 1 million kW, to operate the 
network in sections with a peak load of 600 000 kW. 
To make this division possible, it is proposed to link 
the generating stations with a 100-kV ring and to 
divide the existing 30-kV grid into two sections. The 
most interesting feature of the changes proposed is 
the extensive part to be played by the Two-Voltage 
System. 

In future, no new distributing stations will be built 
in the central part of the city. The 380-volt system is 
to be divided into a series of grids covering from 1 to 
2 square miles. Plans have been prepared for supplying 
these 380-volt grids from 30-kV cables, on the principle 
of the Two-Voltage System. This will only be done 
when the existing 6-kV network becomes inadequate or, 
possibly, when the central district is changed over from 
direct current to alternating current. Each of these cables 
will cross a number of the low-voltage grids. A 0*15- 
sq. in. copper cable capable of transmitting 6 000 kVA, 
or an equivalent aluminium cable, has been chosen for 
this purpose. Such a cable has an economic length of 
about 10 miles and could supply fifteen 400-kVA trans¬ 
former stations distributed along it, the first transformer 
being about 1 mile from the generating station. When 
the scheme has been completed, each section of the 

* Part of Charlottenburg was originally supplied by another company through 
3-kV feeders and 220-volt 3-concluotor main . 


low-voltage grid will be supplied from at least six 
different cables, thus making the effect of the failure of 
one cable very slight. 

In suburban areas, where the load density is less 
than 2 800 kW per square mile, the Two-Voltage System 
would not be economically practicable, so unattended 
substations with two transformers, fed from 30-kV 
radial feeders, will supply the low-voltage system through 
6-kV cables. The size of these stations may vary from 
1000 to 16 000 kVA, the largest containing two 
8 000-kVA transformers. 

Although the low-voltage grids are an essential feature 
of the Two-Voltage System, they are equally apphcable 
to any other system where a number of independent 
feed points are available. Their chief advantages are 
better voltage regulation and a reduction of the reserve 
transformer kVA required. The Two-Voltage System is 
still in the experimental stage in Berlin. The 11 existing 
30-kV/•22-kV substations (see Fig. 8) are all looped-in 
to existing station interconnectors and do not represent 
more than 1 per cent of the Bewag load, but the con¬ 
struction of low-voltage grids has gone ahead rapidly 
and already over 20 per cent of the Bewag mains are 
connected in this way. The present policy is thus to 
divide the city into urban and suburban areas, urban 
areas being those in which the load exceeds 2 800 kW 
per square mile. Urban areas will be supplied from 
380/220-volt grids, fed from existing 6-kV feeders 
strengthened where necessary by the 30-kV transformer 
stations in the Two-Voltage System. Suburban areas 
will be supplied from small unattended 30/6-kV 
substations. 

Two recently-completed substations of this type are 
of considerable interest. The Bewag takes an active 
part in the development of new apparatus, and the 
Rummelsburg station is equipped with 6-kV com¬ 
pressed-air switches, while the one at Oberspree has 
water expansion-switches. Both these stations have 
attendants. They were put into service towards the 
end of 1934; so far they appear to have been satis¬ 
factory and it will • be interesting to watch further 
developments. 

At the Oberspree station, compressed air at 6 atmo¬ 
spheres is used instead of a solenoid for closing the 
circuit breakers and isolating switches, and the inter¬ 
locks are pneumatic. This has meant great savings in 
battery costs and in the cost of pilot cables, only six 
small pilot wires being required for each switch and the 
relays requiring only 24 volts and a small current. 
These improvements have resulted in a saving of over 
40 per cent in the equipment costs. 

The control board is very compact and measures only 
13 ft. by 7 ft. The switch controls are placed in the 
mimic diagram, and switch positions are indicated by a 
lamp in the centre of the control switch which flickers 
when the main switch does not tally with the control. 
The top half of the board controls the eleven 30-kV 
circuit breakers in the substation; the lower half controls 
the key sections of the 6-kV switch-house. There are 
thirty 6-kV cells; and most of the cable switches are 
controlled from the switch-house gangway. The whole 
layout of the control panel should encourage celerity and 
efficiency. 
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(6) PROTECTION 

The protection of the Three-Voltage Systein(see Fig. 10) 
is fairly straightforward. The short-circuit power is 
limited by means of reactors to about 300 000 kVA in 
the 30-kV mains, and to about 120 000 kVA in the 
6-kV mains. A striking feature is the use of Petersen 
earthing reactances on a cable system. The earth-fault 
current in the 30-kV cables without Petersen coils is 
3 000 amperes; in the sandy soil this is apt to cause 
dangerous potential gradients in the ground. For this 
reason, Petersen coils have been connected to the star- 
points of the primaries of the step-down transformers on 
the 30-kV system, to supply the total capacitative 
charging current of 3 000 amperes (see Fig. 9). In order 
to ensure correct discrimination by the protective gear 
the coils are distributed evenly over the network. They 
reduce the earth-fault current to 110 amperes, which, 
though sufficient to operate the protective gear, is no 
longer dangerous. 



The main 30-kV feeders are protected by impedance 
relays in three phases, with overload release. The 
station relays are set at 550 amperes, while those in the 
substations are given a lower setting (350 amperes) to 
ensure their operation to clear a fault on the station 
busbars. The 6-kV radial feeders are protected in a 
similar way, but in two phases only. The 6-kV ring 
mains have overload relays at each end. Earth-fault 
protection on the 30-kV system is provided by zero- 
phase watt relays, because zero-phase current relays are 
not selective when Petersen coils are used. 

On the30/6-kV distribution transformers (see Fig. 10), 
protection is provided by directional impedance relays in 
two phases; internal faults are cleared by differential- 
current and Buchholz relays; normally there is no special 
earth-fault protection, but in a few exceptional cases a 
zero-phase current relay is provided for faults to earth. 
The Bewag carried out considerable development work on 
the design of Buchholz relays, and since 1933 they have 
taken the place of difierential watt relays on all trans¬ 
formers. The only protection on the small distribution 
transformers, which are rated below 1 000 kVA, now 


consists of temperature relays for protection against 
overload, and Buchholz relays for internal faults. 

All Buchholz relays are carefully tested before installa¬ 
tion. The relays on the larger transformers have two 
floats; one gives an alarm if gas collects in the vent pipe, 
and the other trips the circuit breaker if there is a rapid 
flow of oil in the pipe. The settings must not be too low 
or the transformer is apt to come out on a sudden increase 
in load. The action of the relays is \'ery rapid and 
reliable; tests suggest that they should act faster than 
the older systems. Though it is too early to say how 
far they can be relied upon to clear faults on large trans¬ 
formers in service, the Bewag engineers show increasing 
confidence in them. 

In the Three-Voltage System the 380-volt grids are 
fed from 400-kVA transformer units. The 6-kV supply 
enters the station thfough an oil circuit-breaker capable 
of breaking normal currents (see Fig. 11). The outgoing 
cable to the next station is teed-in over an isolating switch 
to the busbars; there is thus only one circuit breaker for 
each section of feeder. Cable faults are cleared by the 
circuit breakers in the 6-kV substations. The trans¬ 
former is protected by Buchholz and temperature relays 
which trip the 6-kV circuit breaker; one of the special 
automatic switches similar to those used on the Two- 
Voltage System prevents the grid from feeding back into 
the transformer. 

The short-circuit current going into the network is 
limited to keep the maximum fault current in the grid 
below 18 000 amperes. This is achieved by means of 
a differential reactor. The supply is brought to the 
mid-point of an air-core choke, half the load being 
connected to each end. The ampere-turns in each half 
oppose one another and, under normal conditions, are 
approximately equal. Thus the voltage-drop on normal 
loads is negligible; but, when a fault occurs on one leg, 
that half of the coil exerts its full choking effect. The 
distribution of load between the stations is usually 
satisfactory but can be regulated, if necessary, in a 
simple manner by placing packets of iron plates round 
the leads on the low-voltage side of the transformers. 
These increase the apparent reactance of the trans¬ 
former and diminish its share of the load. 

The use of Buchholz relays makes the protection of the 
Two-Voltage System (see Fig. 12) comparatively simple 
in principle, but it is complicated by the need for pilot 
cables to connect the relays in the transformer station 
to the circuit breaker in the generating station. For 
the Two-Voltage System simple overload protection 
is provided at the generating station, and the 30-kV/ • 38- 
kV transformers (400 kVA) have Buchholz and tempera¬ 
ture relays; these trip the main circuit breaker, which 
trips and blocks “ automatic switches ” on the low- 
voltage side of the transformers. The automatic 
switches ” are simple air-break switches l:)acked by fuses ; 
these switches are an essential feature of the low-voltage 
grids. In the Three-Voltage System thej? are fitted with 
reverse-power relays arranged to trip if the reverse 
power exceeds full load, but with the Two-\^oltage System 
these relays can be eliminated and the switch works in 
step with the main circuit breaker at the station end of 
the 30-kV feeder. The reclosing device consists of a 
voltage relay, which closes the switch when the trans- 
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6 kV 



Fig. 10.—Protection for the Three-Voltage System. 
[Note. —See key to Figs. 10,11, and 12, on page 316.] 
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former secondary-voltage comes up to normal. The 
switch is closed by a small motor and is opened by 
springs; a blocking relay prevents a faulty switch from 
chattering. On the Two-Voltage System, four pilots are 
required to operate these switches, but the pilots are 
common to all the transformer stations on the cable. 


6 kV Substation Busbars 



c 



a. Busbars in 6-kV substation. 

b. Overourrent relay; 10 amperes, 1 • 3 see. 

c. 6-kV ring main (Sbl sq. in.) entering feed point. 

d. Outgoing 6-kV cable to next feed point. 

e. Transformer: 6 000/400 V ± 4 per cent, 160-320 kVA. 

/. , Temperature and Buchholz relays. 

g. Automatic switch with reverse-power relay. 

h. Main fuses. 

i. Iron reactances for load adjustment, if necessary. 
h. Balanced reactances to limit short-circuit current. 

1. Cable fuses,,16 000 amperes in 0-12 sec. 

■m. Low-voltage cables (3/-IS -f- 0-07 sq. in.). 

Fig. 11.—Protection for the 6-kV rings and 6/*38-kV trans¬ 
former stations (Three-Voltage System). 

[Note. —See key to Figs. 10,11, and 12, on page 316.1 


When the plans for the 380-volt grids were being laid 
down, the most difficult problem was the clearing of 
cable faults. In a grid system the short-circuit currents 
are much higher than in a radial system; although, in 
Berlin, the current is limited by chokes to 18 000 amperes, 
this is more than the ordinary cable fuse can clear. 
As the use of small circuit breakers in cable junction- 
boxes would have been too costly and no suitable fuses 
were available, experiments were made on a series of 


cables to see if these could be made to clear themselves. 
Grid systems without fuses were already working in 
America but at lower voltages. 

The Berlin 380-V/220-V mains consist of 3-core 
armoured and belted cables (three O-IS sq. in. and one 
0*07 sq. in.) laid in sandy soil at a depth of from 2 ft. 
to 4 ft.; the cables are protected by clay covers moulded 
to fit the cable. Extensive tests showed that at 380 
volts, if the fault current was greater than 600 amperes 
and less than 18 000 amperes, a small piece of cable would 
be burnt away and the arc would then be extinguished. 
With currents greater than 18 000 amperes. S.L. cable 
had to be employed. Eventually, an experimental 
network was laid down in which no fuses were used. 
The experiment was highly satisfactory; clearing times 
appeared to range from a few cycles to a few seconds. 


Gen station 30kV busbars 



Fig. 12 .—Protection for the Two-Voltage System. 

[Note. —See key to Figs. 10,11, and 12, on page 316.] 

The only difficulty with this method of fault-clearing 
would appear to be that of knowing when a fault had 
occurred. All Bewag mains are tested once a year, 
and the Bewag engineers have hitherto found that all 
faults which do not immediately cause trouble can safely 
be left on until that time. 

By 1930, a fuse had been developed which could 
break 26 000 amperes at 400 volts and 0 * 2 power factor. 
This fuse consists of a slotted metal cylinder in a tube 
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Ill 
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trips on out-flowing cuiTent. 
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trips on in-flowing current. 


Buchholz relay. 



_^^r- Temperature relay. 


°C> 


Key to Figs. 10, 11, and 12. 


packed with a suitable quenching powder; the total 
length is only 5 in. and the fuse can be mounted on an 
ordinary fuse-holder. The operating time is 0-12 sec. 
at 16 000 amperes, and 0-4 sec. at 4 500 amperes. This 
fuse is now widely used in the network, but, when the 
fault current is great, the cable frequently clears itself 
before the fuse has time to act. This would not happen 
if the system voltage were a little higher or if the cables 
were laid in ducts. 

The methods of control and supervision were fully 
described by Dr. Schleicher in his paper before the 
Institution in 1934,* but it should perhaps be noted 
here that the only substations with attendants are the 
large 30-kV distributing stations and the large convertor 
stations. Three breakdown-gangs, normally engaged in 
miscellaneous fitting, are in constant attendance at 
different points in Berlin. Faults in the unattended 
stations are signalled automatically and are investigated 
by these gangs. 

It was stated earlier in the paper that a part of the 
base load was supplied from a distance over 100-kV 
lines. The occasional tripping of these lines caused 
the operating staff considerable anxiety, and in 1929 
the Ruths steam-accumulator units installed at Char- 
lottenburg for assisting in dealing with the peak were 
adapted for use as an instantaneous reserve. One of 
the two 25 000-kW machines is kept constantly on the 
busbars and can be put on to full load in a few seconds. 
The main duty of these machines is to cover the morning 
and evening peaks, but they are also useful for dealing 
with unexpected demands at short notice. The batteries 
in the d.c. network are also used for this purpose and 
are then put on charge at night, thus increasing the 
night load on the system and helping considerably to 
maintain stability. 

(7) CONCLUSION 

The economies effected by standardization of equip¬ 
ment—especially substation equipment—and by cen¬ 
tralization of management probably did much to help 
the Bewag to weather the serious economic crisis of 
1929, and have enabled the company to continue its 
progressive policy without interruption. 

One of the most valuable results of centralization was 
the setting-up of research laboratories and repair work¬ 
shops for overhauling transformers, protective relays, 
and meters. These departments, with their first-hand 
knowledge of supply requirements and facilities for 
carrying out investigations under service conditions, 
work in close co-operation with manufacturing firms 
and have been able to devise numerous improvements 
in the design of plant. Another task carried out by 
these departments is the drawing-up of specifications. 
Very valuable work has been done by the company's 
cable-research department in studying the characteristics 
of cables, as a result of which the number of failures in 
over 600 miles of 30-kV cable has been brought very low. 
The figures are given in Table 2. 

Some years ago the problem of peak loads was 
thoroughly investigated, and the results led to the 
construction of the Ruths accumulators; considerable 
research was done on the construction of low-voltage 

* Journal I.E.E., 1934, vol. 75, p. 710. 
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grids, and a method of protecting rotary convertors 
against instability caused by momentary interruption 
of the a.c. supply has been successfully developed. 
More recently the company made an extensive investiga¬ 
tion of telephone-interference phenomena, and is at 
present engaged on a study of circuit-breaker charac¬ 
teristics. The effect of mercury-arc rectifiers on the 
voltage wave has also been studied, and the company 
recommends that special precautions be taken to reduce 
the distortion at the rectifier transformers. As a result 
of these activities, the company's engineers have been 
able from time to time to give assistance to other com- 

Table 2 

30-kV Cable Failures 

1929 .. .. 13 1933 .. .. 0 

1930 .. .. 10 1934 .. ..2 

1931 .. .. 3 1935 .. .. 4* 

1932 .. .. 1 

* Of these, 2 were caused hy excavators. 

panics iii Germany and elsewhere, and the Bewag 
has become one of the country’s leading electrical 
undertakings. 

In conclusion, the author is glad to have had this 
opportunity of describing some recent electrical develop¬ 
ments in Germany, believing that, if engineers in different 
countries can come to understand one another’s peculiar 
problems and exchange ideas upon their solution, the 
progress of electrical engineering can be facilitated. 
He desires to express his thanks to Dr. Adolph of the 
Bewag for permission to present the paper, and to 
Dr. Wellman, chief of the company's construction 
department, for helpful criticism. He also wishes to 
thank the trustees of the Sir T. D. Owen Scholarship 
who enabled him to visit Berlin, and those engineers who 
helped to make his visit profitable, particularly Dr. 
Krohne and Dr. Schulze of the Research Department. 
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Mr. C. W. Marshall: The great achievement of the 
Berlin electricity supply authorities in the last decade 
was the construction of the Klingenberg power station, 
with pulverized-fuel firing, which was built about 1926. 
What struck me most in connection with that station 
was the rapidity with which it was built: the whole of the 
construction, from the cutting of the first sod to the 
station coming into operation, took little over one year. 
The KraftwerkWest station, which followed about 1932, 
is less grandiose and was hkewise constructed very 
quickly; it serves as a support to Klingenberg. What 
was very novel in European practice was the import of 
comparatively large proportions of the power and energy 
requirements of Berlin through overhead lines. Some 
of these go right into the fairly thickly housed sections 
of the town, while one 110-kV line goes up the centre of 
an important street. Another interesting point, to which 
the author, draws attention, is the use of the steam 
accumulator for covering comparatively large peak loads 
of the order of 40 000 kW. This practice has been 
applied in a few cities, but, largely because of complica¬ 
tions and high capital cost, it is commercially feasible 
only in special cases. The use of steam heating from 
Klingenberg for supplying very large hot-houses is a 
further noteworthy and somewhat uncommon feature. 

Turning to the cable system, Berlin was the first city 
in which 33-kV cables were used. These were of the 
belted t5q)e and were first installed about 1911. It is 
interesting to find that even now there are no cables 
working at a higher voltage in BerUn. It would seem to 
me to be almost impracticable to raise the electrical 
consumption of Berlin to what is considered a reasonable 
figure per head of the population without superimposing 
a higher voltage. 

The introduction of the low-voltage network system 
is in keeping with fairly common American practice. 
The German system differs from the American systems, 
however, in that it is more scientifically worked out; 
but in this connection it has to be remembered that 
while New York succeeded in maintaining almost perfect 
supply for many years, using grid networks of 220 volts, 
when trouble did occur the work of restoring supply 
was one of immense difficulty. I think it is largely for 
that reason that the network system, which is probably 
for 99 per cent of the time the best of all, does not come 
into more general use. 

With regard to protection, is the Petersen coU used on 
any other large cable system besides that of Berlin? 
It must be a matter of great satisfaction to the engineers 
responsible for operation if they have succeeded in 
obtaming a thoroughly proved Petersen-coil system and 
so removed the difficulties associated with the heavy 
earth-fault currents inevitable with any other system. 

The Berlin engineers have developed their protective 
system with great thoroughness. They have left nothing 
undone in the directions of good detailed finish, schemes 
for easy access to secondary wiring, and provision of 
convenient means for calibration of relays. 

In comparison with, say, the London system, the 
Berlin system is remarkably simple. In London we 
have a very heterogeneous series of individually- 


operated networks of considerable magnitude, which 
have to be correlated principally through the London 
Power Co., the County of London Electric Supply 
Co., and the grid. It will be evident from a study of 
the connection diagrams of Berlin and London high- 
voltage systems that the former uses a much larger 
number of circuit breakers. The saving in. capital cost 
in London by reduction both of switchgear and of space 
required for it has of course been attended with some loss 
of operating flexibility, but so far the British scheme has 
satisfied all requirements. It would be of interest to 
have the author’s views on the relative merits of the two 
schemes. 

Dr. P. F. Stritzl; The Berlin system is by far the 
largest underground cable system on which Petersen 
coils are used, but there are quite a number of smaller 
systems on which they are applied with equal success. 
There is a general belief that the main advantages of 
the Petersen coil are obtained when it is used on overhead 
networks, but, apart from the reason mentioned by the 
author, the reason which has induced the Bewag to 
apply Petersen coils is this: When a fault occurs on one 
phase of a cable, it tends, of course, to spread within a 
certain time to the other phases, and then constitutes a 
short-circuit. This time, with a solidly earthed neutral, 
would be extremely short, of the order of 1-2 sec., 
whereas with the Petersen coil in circuit the time is ex¬ 
tended in the case of Berlin (where the magnetizing 
current is 3 000 amperes) to 1 hour or more. On a 
smaller system the time would, of course, be still longer. 
Every operating engineer will immediately appreciate 
the great value of having a margin of an hour or so in 
which to take the necessary measures. 

Another way in which the Berlin system differs from 
others is in the application of low-tension grids. Some 
years ago the Berlin supply company were still doubtful 
how far they would go with this interconnection of low- 
tension mains, and whether it would eventually develop 
into one solid grid over almost the whole central area, 
I am very interested to see from the paper that they 
have now decided to subdivide the grid into 24 sections 
of about 2 square miles each. It would be interesting 
if the author could tell us something of what has led to 
the determination of this 2-square-mile area, and whether 
it is thought that this subdivision would eliminate such 
difficulties as have occurred in New York. Another 
point in connection with the solid low'-tension grids is 
the economic side of their application. In Berlin the 
conversion to the solid grid system has been carried out 
very gradually, and it would be interesting to Imow 
whether a comparison was made of the expense which 
would have been involved if the same increase of load had 
been met by another system, with radial feeders. 

The third and ihost striking difference between Berlin 
and any other similar system is the extensive applica¬ 
tion of distance relays or impedance relays on an under¬ 
ground cable network. It would be interesting to know 
whether these impedance relays—^which are, as far as I 
know, of the high-speed type, and I think a great number 
of them are single-phase with change-over contacts, and 
not three relays in the three phases—are independent, or 
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whether they are interconnected by pilot wires so that in 
the case of a fault near one end of the feeder they are 
both made to operate instantaneously. 

Mr. E. Ambrose: On page 309 we are told that two 
generating stations are interconnected by a number of 
30-lcV cables, whereas Fig. 4 shows that there is a 100-kV 
connecting link. Again, in Fig. 5 a symbol is given to 
indicate a switch normally open and another symbol 
to indicate a switch normally closed, but it is not clear 
to which switches these symbols refer. Fig. 6 indicates 
a very liberal use of reactances. Is this feature due to the 
presence of the low-rupturing-capacity switches in the 
original 6-kV network, which would have been com¬ 
pletely under-rated by the introduction of the 30-kV 
grid ? 

With regard to the development of the Three-Voltage 
System, considerable expense and trouble would of course 
be incurred in taldng out the old 6-kV cables, and more¬ 
over in a densely populated area these cables could be 
used for bulk supplies. On further extensions into the 
urban areas there seems to be no justification for the 
use of the middle voltage of 6 kV. It should be possible 
to pass direct from the 30-kV to the 380/220-volt supply. 

The author lays great stress on continuity of supply, 
and in this connection I would point out that, whilst I 
have nothing against interconnection, it often means 
placing a great deal of reliance on an ever-increasing 
and complicated system of relays, which have to function 
to isolate the faulty section. 

The allocation of special mains to hospitals and other 
essential services is a very good feature, and in this con¬ 
nection I recall a special cable which was installed in the 
West End of London in order to give an emergency supply 
to theatres and newspaper offices. With regard to the 
low-voltage distributing network, there are far more 
possibilities of failure on this than on the higher-voltage 
system. This would seem to have been realized by the 
Berlin engineers when they introduced cables insulated 
for 1 000 volts on the 380/220-volt system. 

The author mentions a high-rupturing-capacity fuse 
for the interconnection of the low-voltage grid; but is 
this going to solve the problem altogether ? I ask this 
question because I have had some sad experience in 
connection with a low-voltage network which was con¬ 
nected solid, and when a fault did occur it took some 
time to put it right. Later the network was sub¬ 
divided and fuses were introduced, but again when 
trouble occurred it took a considerable time to find out 
which was the fuse responsible for the trouble. 

Mr. W. Fennell: The omission of the intermediate 
link of 6 kV between the 33-kV and the 0 • 4-kV system 
is, of course, not an entirely new proposal. It has also 
been adopted in this country to a certain extent. 

With regard to the low-voltage grid, I have heard of 
several cases in this country where it has been tried out 
within the last 20 years, and in almost every case 
difficulties have arisen. 

I am interested to see that a new fuse has been pro¬ 
duced to deal with the rather heavy conditions on the 
Berlin system. Similar fuses, very reliable and definite 
in operation, are being produced in tliis country. 

It is contrary to the regulations in this country to 
have a solid connection between feeders, and has been 


so for the last 30 years. The old Board of Trade Regu¬ 
lations required what is equivalent to a low-rated fuse 
at an intermediate point between the feeders. Someone 
among our officials must therefore have foreseen a good 
many years ago the trouble that has come through solid 
connection in a so-called low-voltage grid. 

Also underground substations, which are referred to 
in the paper, are in this country allowed only in extreme 
cases where there is no means of putting substations 
above ground. 

I should welcome some particulars of the non-return 
switch which prevents feeding-back from the low-voltage 
to the high-voltage side in the event of trouble. I am 
interested in the use of compressed air instead of solenoids 
for the operation of switches, particularly in view of 
the saving of over 40 per cent in the cost of the switch- 
gear which is claimed on this account, I am also keenly 
interested in the remote-control system interconnecting 
the high-voltage-side fault, as it were, and the low- 
voltage switchgear. A similar arrangement is used on 
motor-convertors so that when the high-voltage side 
fails the low-voltage side is cut off from the general 
system, but I did not know that the idea had ever been 
applied to long-distance control. 

Mr. H. Bannister: The author says that 250- and 
160-kVA distribution substations are usually housed in 
the cellars of houses and factories. With underground 
substations there is always danger of flooding, and it 
would be of interest to know whether the German 
engineers take any special precautions against this risk. 
Also, do they take any special precautions against fire ? 

I should be interested to know what system of cable¬ 
laying is employed in the congested areas. Is a similar 
system adopted to that which prevails in New York, 
whereby the various services of the city make use of 
common subways ? 

Finally, can the author say whether, generally speak- 
ing, the efforts of the German engineers have resulted 
in cheaper electi'icity than we have in this country ? 

Mr. C. Kibblewhite: I should like to ask the author 
whether the low-voltage grid described in the paper is a 
reinforcing network superimposed on existing low-voltage 
networks or whether it is an entirely new network 
developed side by side with existing networks. If the 
grid is superimposed on existing networks, does not a 
difficulty arise in interconnecting parts of the network 
supplied from existing 6-kV sources with other parts 
supplied from new 33-kV sources ? If, on the other 
hand, a separate new network is being developed, is it 
intended to abandon the practice of obtaining substation 
sites in consumers’ premises and to feed the network 
entirely from the company’s own substations ? If so, 
the layout (400-kVA transformers and 4-core 0-15/0-07- 
sq. in. l.t. distributor cables) does not seem sufficiently 
generous for urban conditions. Supplies to large blocks 
of fiats, offices, etc., are most readily given direct from 
the e.h.t. network, and I think it is essential that an 
urban distribution system should be readily adaptable 
to this practice. Distribution at 33 kV does not appeal 
to me for the purpose, and I much prefer the 6-kV or 
11-kV systems which have proved very adequate in large 
towns in England where conditions must be very similar 
to those in Berlin. 
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The author mentions that all low-tension mains are 
tested once a year; how is this done, and is it necessary 
to disconnect the supply to consumers while the test is 
being carried out ? I should also like to ask what type 
ct network boxes, if any, are installed on the low-voltage 
grid. My experience of the behaviour of network boxes 
which have had to undergo heavy through fault currents 
on low-tension networks leads me to feel that a very 
robust type of box would have to be used to stand up 
to the strenuous conditions on a network on which it is 
intended to clear faults by burning out the cables. 

It is interesting to note from Fig. 4 that the bulk 
supplies, which I take it are those given to large indus¬ 
trial consumers, are separated from the public supply 
networks. This practice has been adopted in certain 
large industrial towns in England with the object, 
presumably the same as in Berlin, of ensuring that trouble 
on an industrial consumer's high-tension plant, which 
cannot always be so rigorously inspected as the under¬ 
taking’s own plant, shall not spread to pubhc supply 
networks. 

Dr. P. Dunsheath: I should welcome in this paper 
some more detailed reference to the underground 
system, and particularly the cable construction, from 
the standpoint both of the cable manufacture and of 
the methods of laying adopted. 

There is one cable question which I think calls for 
some explanation. Table 2 gives a record of 30-kV 
cable failures: in 1929 there were 13, and they dinainished 
year by year to 10, 3, and 1 respectively, until in 1933 
there were no failures whatever. In 1934, however, 
there were 2, and in 1935 there were 4. I should like to 
Imow what happened in 1933 which suddenly changed 
the trend of this cui've. On page 316 the author says: 
" Very valuable work has been done by the company’s 
cable-research department in stud 3 dng the characteristics 
of cables, as a result of v/hich the number of failures 
on over 600 miles of 30-kV cable has been brought very 
low.” It would be interesting to record when this 
research department commenced to function, and how 
its activities are related to the form of the curve. It 
may be that there is some definite explanation for the 
incidence of failure, such as a relaxed specification, 
or that in the natural development of the system the 
cables are being more heavily loaded than they were 
fonnerly. Another possible explanation is that a type 
of cable which fails after a number of years in service is 
now coming to the time when its troubles are beginning. 
In any case, this history of 30-kV cable performance is so 
difierent from that of other countries that some explana¬ 
tion would be useful, 

Mr. W. J. Jeffery : Mr. Fennell mentioned that the 
conditions in Berlin are apparently entirely different 
from those in this country, particularly with regard to 
the development of underground substations. I should 
hke to point out that the underground substation is not 
uncommon in London, and unfortunately in some parts 
of London it is very unlilcely that any but underground 
substations will be built, at any rate for many years to 
come. 

It seems to me that one of the advantages of the 
Three-Voltage System as compared with the Two- 
Voltage System is that with the former the cost of the 


high-tension switchgear in the transformer stations 
becomes more reasonable in proportion to the total 
cost of the equipment in the station. For example, I 
should have thought that in a 400-kVA substation the 
cost of 33-kV switchgear would be abnormally high. 

I cannot understand the development in Berlin with 
regard to the low-tension network; on page 316 the 
statement is made that the 380/220-volt mains consist 
of “ 3-core banded cables.” Does this mean belted 
cables ? Did the success which attended the solid con¬ 
nections on the Berlin network depend on the size of 
these cables ? Would there have been equal success if, 
for example, the low-voltage cables had been of 0-25 
sq. in., 0 • 3 sq, in., or 0 • 4 sq. in. ? Apparently tests were 
carried out on these cables, and I should like to know 
whether there is a possibihty of such tests being carried 
out in this country. I should be very interested to see 
a short-circuit on, say, a 0'3-sq. in. 4-core conductor, 
and' see the arc extinguished in a few cycles. In view 
of the fact that the engineers of the Bewag are stated 
to be quite satisfied with the solid-connected l.t. network, 
further information seems to be needed as to why they 
are now proceeding with the installation of fuses oii this 
network. 

Mr. B. A. Saddler: This paper is of particular in¬ 
terest to me because the supply system in Berlin has 
certain points similar to those of a supply company in 
which I am interested in Adelaide, There the tendency 
is to change over to the Two-Voltage System, cut out the 
intermediate 7* 6-kV substations, and supply low-voltage 
(400-volt) networks directly from 33-kV lines. 

About 1931 the problem of changing over to a solidly- 
connected low-tension network was investigated. No 
information could be found as to the possible conse¬ 
quences of such a change on a system operating at 
400 volts or thereabouts, except the results of tests 
carried out in Germany on 380-volt systems. It was 
■ therefore decided to carry out some tests to ascertain 
the possibility of self-clearing of faults on low-tension 
cables. We operate on 0-3- and 0'5-sq. in. cables, and, 
as these represent quite a large capital investment, it 
is impossible to scrap them and change over to smaller 
cables. A series of tests was carried out on the 0 • 3-sq. in, 
and 0*6-sq. in. conductors, and out of 33 valid tests 
5 (or 16 per cent) failed to clear. We found that there 
was never any doubt about clearing a phase-to-sheath 
fault, but that the 3-phase faults were a different matter. 
A phase-to-phase underground fault invariably spread to 
a 3-phase fault. 

When we opened up the trenches containing these 
cables it was found that a metallic encrustation had 
formed in the earth around them. This mass of fused 
earth, copper, lead, and steel, had tended to prevent hot 
conducting vapour from escaping through porous earth, 
and the arc could not quench. In the case of the Berlin 
system the cables are of 0*16 sq, in. and the copper 
section is small with respect to the amount of insulation, 
and therefore one would expect the arc to clear more 
easily than with the large section of copper embodied 
in 0*3-sq. in. and 0 *6-sq. in. cables. We found that the 
earth surrounding the arcing cable had acted as a con¬ 
denser for the vaporized metal, and in some cases liquid 
copper and lead had dripped back on to the cores. 
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tending to prevent the fault from clearing. In the case 
of cables in ducts, we found that the cable had been 
destroyed for quite a considerable distance behind the 
arc, owing to the fact that the heat produced had not 
been able to get away, and the sheath had been melted 
and the insulation charred. In some cases the copper 
cores were found embedded in lead. 

We also made up a few lengths of test cable of 
3-core 0-3-sq. in. section (copper equivalent). One core 
was pure copper, one half copper and half aluminium, 
and the other pure aluminium. Faults put on these cables 
cleared quite easily in a few cycles, even when the cables 
were laid in ducts. The explanation was that the 
different rates at which the aluminium and the copper 
burned back allowed the arcs to be drawn out and 
extinction to take place. 

The results of these tests and of those carried out in 
Berlin seemed to indicate that, for satisfactory self¬ 
clearing of faults, the section of copper conductor should 
not be greater than 0-15 sq. in. I note that in Berlin 
cables insulated for 1 000 volts are used, thus providing 
greater spacing of cores and also a higher ratio of insula¬ 
tion to copper than with the normal 500-volt cables. 

With regard to what the author sa 3 ''s'on page 315, in 
the Three-Voltage System, in the event of the high- 
tension circuit breaker opening owing to the tempei'a- 
ture relay in the transformer operating, is there any 
means by which the network protector or automatic 
switch is opened ? It seems to me that the transformer 
might remain excited from^ the low-tension network if 
the transformer fault was not great enough to cause 
100 per cent I'everse load, at which the revei’se-power 
relays trip. 

I believe that the Americans have had a good deal of 
trouble with the " pumping ” of network protectors. 
The effect is due to the voltage of the incoming trans¬ 
former slightly lagging in phase behind the network 
voltage. Phasing relays have been fitted so that the 
relay will not close the protector until the voltage of the 
incoming transformer is slightly advanced in phase 
compared with the. network voltage. Has. any trouble 
of this sort been experienced in Berlin ? 

I should like to ask the reason for using the 4-core 
pilot-cable arrangement on the Two-Voltage System. 
It seems rather expensive. What was the objection 
to using the American system of master relays for 
controlling the operation of the automatic network 
protectors, whereby the pi-otector opens when there is 
reversal of power and closes again when the voltage of 
the incoming transformer is correct in magnitude and 
slightly advanced in phase with respect to the network ? 
It seems to me that it would have been cheaper to use 
that system than to put in pilot cables. 

Mr. J. I. Bernard: At the beginning of the paper the 
author refers to the Bewag having paid particular 
attention to the sale of electric cookers and water- 
heaters, in order to obtain a reasonable diversity factor 
for the domestic load. It would have been better if he 
had contented himself with pointing out that there is 
little, spacedreatimg load to be had in Berlin because 
of the prevalence of central heating, and that the bulk 
of the domestic load is therefore to be obtained from 
cooking and water-heating. Actually, of course, the 


load characteristics of cookers and water-heaters are 
better than those of space heating. 

The question has been raised of how the cost of elec¬ 
tricity in Berlin compares with the cost in this country. 
I had an opportunity of looldng into this last year as 
far as domestic use is concerned, and I found that, 
generally sj)ealdng, the Bewag tariffs were rather higher 
than those in this country. When one takes into account 
the lower standard of living in German}^ particularly at 
the present time, I think that there is no doubt that 
electricity is rather more expensive over there. This 
may be partly due to the fact that until recently elec¬ 
tricity in Berlin had been thought of largely in terms 
of lighting only for domestic purposes. Until about 
3 years ago the Bewag concern and the gaswoi'ks were 
both owned by the municipality. About 3 years ago 
an interest in the Bewag was sold to private enterprise, 
and the control passed out of the hands of the munici¬ 
pality; the interesting point is that whereas up to that 
time there had been almost no electric cookers in Beidin, 
about 25 000 electric cookers have since been sold there, 

Mr. W. E. Highfield: I believe that German engi¬ 
neers have almost discarded the oil switch and have 
concentrated on an air-pressure switch, which surely 
puts the question of underground stations on quite a 
different footing. The Berlin system also makes use of 
the Petersen coil and of several other outstanding de¬ 
velopments. The success of this system hinges on half 
a dozen or more technical decisions and inventions. 

There is one point which appeals to me particularly, 
and that is the effort to provide some source of 
energy from storage,. I refer to the Charlottenburg 
station, where by means of steam accumulatox’s it is 
possible to produce anything up to 40 000 kW. Such a 
system of storage is an enormous advantage to the 
supply engineer. German engineers have made another 
effort to produce a similar effect, not in Berlin but in 
Hamburg, where in the form of very large Diesel engines 
of 10' 000' kW output they have an almost instantaneously 
available source of energy to add to the supply when 
it is required. 

Mr. M., W. Humphrey Davies {in reply)]: The plant 
at Charlottenburg, to. which Mr. Marshall refers, is one 
of the largest peak-load plants on the Continent. Its 
main; purpose is to provide a reserve supply if the- 100-kV 
transmission lines should fail, enabling the margin of 
standby plant on the busbars in Berlin to be reduced. But 
it has also proved useful in meeting, unexpected demands 
and in helping to- reduce the system peak. The sale of 
steam for heating appears to be a profitable proposition 
and the load is’ developing steadily. 

The 30-kV grid was introduced in 1924; previously 
the system had been operated in two sections tied over 
the 110-kV lines. The voltage was fixed at 30'kV 
because that was the highest voltage for which cables 
were available. The cables (see Figs. 4 and 8) form a solid 
interconnection between the generating stations. The 
30-kV grid was designed for an ultimate load of 1 million 
kVA,. but it was realized that some form of intercon¬ 
nection at a. higher voltage would eventually be neces¬ 
sary, and plans for' the construction of a lOOdtV ring 
were prepared. The need for this ring has not yet 
arisen; but when the load becomes excessive, it will 
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doubtless be constructed and the 30-kV grid may be 
divided into sections. The subdivision of the low- 
voltage grids, about which Mr. Marshall inquires, was 
a result of the Three-Voltage system; each grid covers 
the area allotted to a single distributing station. 

It is extremely difficult to estimate the relative number 
of switches in London and Berlin. The whole Berlin 
area, with its combination of urban and rural districts, 
is not unlike the whole South-Eastern Section of the 
British grid. But the latter is very much larger and, 
with its peak load of 1 500 000 kVA, is well past the 
limit set by the Bewag engineers to their 30-kV grid. 
The bulk of the power for the South-Eastern grid is 
generated in the larger stations, the smaller stations 
being reserved for peak-load working. The larger 
stations are interconnected by the main transmission 
lines (132 kV), which thus correspond in function to 
the projected high-voltage ring around Berlin. In the 
London area a secondary {66-kV) system takes the place 
of the 30-kV grid in Berlin, and the smaller generating 
stations may be regarded as the counterparts of the 
“ distributing stations.” An important feature of the 
British system is the provision of some generator capacity 
at each ” distributing station,” thus reducing the size 
and cost of the transmission lines. It would not do to 
push the comparison too far, but one can see that in 
general the voltages and distances are somewhat greater 
in London. The main transmission systems in Berlin 
and London appear to be well suited to their respective 
areas, and I think it is in tackling the problem of dis¬ 
tribution from the local stations that the principles 
adopted by the Bewag are most interesting. There are 
four distinct features of outstanding importance, the 
division of the network into sections each fed from its 
own “ distributing station ” (50 000 to 100 000 kVA),the 
6-kV interconnected radial system of distribution in¬ 
cluded in the Three-Voltage system, the successful 
construction of 380/220-volt grids in urban areas, and 
the experiments in the use of as high a voltage as 30 kV 
for feeding the low-voltage networks. These are all 
independent developments which should not be confused 
with one another, and, though Berlin itself is a large 
city, they are in part applicable to much smaller towns. 

As Dr. Stritzl states, Petersen coils are very widely 
used on cable systems in Germany. Stuttgart, Hamburg, 
and Munich, may be cited as particular examples. In 
Hamburg the coils are at the generating stations, but 
in Berlin they have been placed in the distributing 
stations for convenience. The earth-fault current, 
which is reduced to about 100 amperes, operates a zero- 
phase watt relay which clears the cable. This system 
works very satisfactorily, provided the Petersen coils 
are evenly distributed. Automatic tripping, though 
used in Berlin, can be dispensed with—^giving the 
operating engineer time to readjust his feeder arrange¬ 
ments before taldng the cable out of service. With 
Hochstadter or three-lead-sheath cables earth faults 
rarely become inter-phase short-circuits. 

In the 30-kV network and the part of the 6-kV net¬ 
work where there are duplicate feeders, single-phase 
impedance relays are used exclusively. The 30-kV 
cables have one relay in each phase, but the 6-kV cables 
have relays in two phases only. Pilot protection is 


only used where a 6-kV substation is housed in the same 
building as the distributing station, and impedance 
protection would be impracticable. Pilot cables are 
laid alongside most of the feeder cables, but these are 
used solely for telephones and signals. 

The 24 sections referred to in the paper were in exis¬ 
tence before the low-voltage grids were constructed; they 
are the sections of network corresponding to the 24 
distributing stations, and only the central ones have been 
converted into grids. 

The choice of the limited area in Berlin was not based 
on any considerations of stability. The construction of 
a single low-voltage grid by interconnecting the different 
" distributing station ” areas was made impossible by 
the parks and canals and the isolated sections of d.c. 
network which divide the city, and by the fact that the 
method of voltage regulation differs in the different dis¬ 
tributing stations, some of which are equipped with 
phase-shifting regulators. Grids somewhat larger than 
2 square miles would probably be equally satisfactory, 
but it is advisable to set some sort of limit in order to 
avoid the difficulties experienced in America, where the 
whole network was connected into one grid. It is not 
possible to say yet how large the networks in Berlin 
will become. With the present arrangement it is claimed 
that each section of network can be switched in or out 
independently and without difficulty. The claim that 
low-voltage grids are more economical in areas of large 
load-density is based on a careful investigation of costs 
which is referred to in Reference (10) in the Biblio¬ 
graphy. Further information regarding alternative 
systems and their design is given in a recently published 
work by Dr. Menny of the Bewag.* 

I must thank Mr. Ambrose for pointing out the error 
in Fig. 6. The error, which was in the key diagram, 
has now been rectified. Fig. 4 is a schematic diagram 
of the two systems used: the Three-Voltage System is 
shown on the left and the Two-Voltage System on the 
right. The connecting link shows that the regulation 
in the two systems is not necessarily the same. In 
practice, both systems are supplied from the same station 
busbars and are used to feed common networks. In 
order to give each network the same regulation, the 
30/-38-kV transformers have been given a higher im¬ 
pedance than is usual. If necessary, the 30/6-kV 
transformers, which are either fitted with on-load tap¬ 
changing gear or are of the ” sliding-core ” type, can 
be adjusted. As explained on page 313, the reactances 
are used to limit the fault kVA to 300 000 in the 30-kV 
and 120 000 in the 6-kV networks, respectively. At the 
time the network was being constructed, the high- 
capacity switch was still in its infancy and this was the 
more economical method. It is perhaps worth noting 
that it is the general practice in Germany to raise the 
generating-station busbar voltage considerably during 
periods of heavy load. 

It is not yet clear how far the Bewag intends to 
proceed with the construction of a Two-Voltage system. 
The existing Two-Voltage network in Charlottenburg 
is very small and is in a sense experimental. Should 
the Two-Voltage system be more generally adopted, the 

* “The Economic Dimensions of Urban Three-Phase Distribution Net¬ 
works” (Postberg, 1935). 
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company would not scrap the cables and substations of 
the 30/6-kV system, but would continue to use them for 
supplying the rectifier stations for the electric railways 
and for supplying those large consumers who could be 
supplied more economically at 6 kV or higher voltages. 
The question of continuity of supply is more economic 
than technical, and the final decision is not always in 
the hands of the engineer. In Berlin, continuity is very 
highly valued, and no effort has been spared to achieve 
it. The protection of the Three-Voltage system is the 
result of a number of years of research and experience; 
it is not excessively complicated and is apparently satis¬ 
factory. The Two-Voltage system represents a con¬ 
siderable step forward towards a simple system, and has 
the additional advantage of a high continuity factor. 

The satisfactory operation of a fused low-voltage grid 
depends largely on the type of fuse employed. Provided 
the feed points are sufficiently numerous and evenly 
distributed, the highest current will flow in the faulty 
cable. For satisfactory operation, the fuse must have 
a marked time-characteristic to enable it to distin¬ 
guish between the current in the faulty cable and those 
in the neighbouring cables. The current in the Bewag 
grids is limited to 18 000 amperes, and the fuse has the 
characteristic given on page 316. 

The automatic switch used in the 6/- 38-kV substations, 
about which Mr, Fennell inquires, is the main factor upon 
which the satisfactory operation of the low-voltage grids 
depends. The Bewag switch differs slightly from the 
American type. It consists of a 3-pole air-break switch 
fitted with arc-chutes and housed in a pressed-steel box, 
which also contains a single-phase motor supplied from 
the low-voltage mains, and a combined closing and 
tripping relay. The switch can be operated by hand if 
necessary. The switches have no protection against 
pumping, but a counter is fitted which records the 
number of times the switch operates. The short-circuit 
voltage of the 6/-38-kV transformer is about 4 per cent, 
and the switches are rated to break 20 times the rated 
full-load current. The switch is tripped by a reverse- 
power relay. In the early switches this was set to trip 
on a very low reverse current and pumping was frequent, 
so the relay was replaced by one in which the setting 
depended on the voltage; with full voltage the switch 
trips at 1'2 times full-load current, but if the voltage 
drops to 10 per cent of normal the current setting drops 
to 0*3 times full-load. Overloading of the transformer 
is prevented by the temperature relay which trips the 
6-kV switch if the transformer gets too hot. In the 
early switches the closing relay compared the transformer 
voltage and the network voltage, and closed the switch 
when the transformer voltage was the greater. This 
relay has now been replaced by a simpler one which 
closes the switch when the transformer voltage is 86 per 
cent of normal. The switch is said to be quite satis¬ 
factory. In order to ensure isolation of small trans¬ 
former faults, the switch is interconnected with the 
6-kV circuit breaker; if the latter opens, the automatic 
switch must open too. The same switch is used in the 
30/-22-kV substations, but the relays are dispensed 
with and the switch (see Fig. 12) is controlled by the 
main circuit breaker in the generating station, whose 
motions it follows. 


The reduction in the cost of substations with com¬ 
pressed-air-operated water-switches is largely due to 
savings of space and reduction of installation and main¬ 
tenance charges, by the reduction in the size of the 
batteries and the simplification of the control circuits. 
Further details are given in Reference (22). 

The cellars which house the 6/-38-kV transformer 
stations, referred to by Mr. Bannister, are of the semi¬ 
basement type in which there is little danger of flooding. 
The 6-kV cells are of a standard open busbar con¬ 
struction and no special precautions are taken. In the 
larger substations (30-kV and 6-kV) busbar sections are 
housed in different floors but the phases are not separated. 
The tanks of the oil switches hang in the open or in a 
special corridor equipped with oil drains, COg equip¬ 
ment, and ventilating gear for removing fumes. The 
only substations which are really underground are 
equipped with ironclad gear; the experimental 30/*38-kV 
stations shown in Fig. 6 have watertight gear designed 
to operate even under water. All substations are sup¬ 
plied with sand buckets, etc., and the potential and 
current transformers installed in recent years are in¬ 
sulated with non-inflammable materials. Pyranol has 
not been employed for power transformers, but they are 
equipped with Buchholz relays to detect and clear 
incipient faults. 

Subways are not used at all in Berlin. In most 
streets the sewers are under the roadway on either side 
of the underground railway, which runs immediately 
below the tramlines. The pavement is divided into 
sections which are allocated to the post office, the fire 
brigade, and the gas, water, and electricity authorities, 
who are allowed to dig to any depth in their allocated 
area. The pavement usually consists of small sets and 
the soil is very sandy. Coal chutes are fortunately non¬ 
existent. The Bewag cables are laid in the ground and 
protected by an arched clay cover which fits closely to 
the upper part of the cable. Ducts are only used at 
important crossings and are made of moulded asbestos 
(for d.c. cables) or iron (for 3-phase a.c, cables). 

The low-voltage grids have been formed without laying 
any extra cables, by connecting up the ends of the 
existing cables. The Bewag system is not very different 
from that advocated by Mr. Kibblewhite. It might 
almost be called an extension of it in which the dead 
ends of the cables from adjacent transformer boxes are 
connected together. Transformer stations, supplied 
through 6-kV feeders, are situated in the centre of or 
between blocks of offices. Until the grid system was 
introduced, power was transmitted to the services and 
rising mains in the buildings by radial feeders. The 
transformer stations usually contained two transformers, 
each of which was capable of supplying the whole load. 
Because of the small size of the transformers and the 
shortness of the low-voltage feeders, the system was 
virtually a 6-kV distribution network with low-voltage 
services. The reserve transformer capacity was about 
100 per cent. (If a similar network had been laid out 
in England, it would probably have been necessary to 
use larger cables because of the heating load, which is 
absent in Germany.) To form the low-voltage grids, the 
dead-ends of the cables in adjacent blocks were con¬ 
nected together. This not only improved the regulation 
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of the whole network, but it made possible the reduc¬ 
tion of the total reserve transformer capacity to 33 per¬ 
cent, thus increasing considerably the capacity of the 
existing network * The Two-Voltage system is still in 
the experimental stage, and, as can be seen from Fig. 8,. 
the existing 30/-22-kV stations only supply a small 
portion of the load for their section. By using trans¬ 
formers wdth a slightly higher impedance than usual, 
the regulation has been made approximately the same 
as that in the Three-Voltage system. 

With the low-voltage grids an open circuit in a main 
causes no interruption of supply unless it occurs at a 
service junction. It is possible, however, that the con¬ 
sumer’s voltage may drop somewhat. The Bewag has 
found by experience that faults which are serious enough 
to require attention are always detected by the con¬ 
sumer; the rest are left until the annual test. Tliis is a 
simple continuity test; one end of the cable is dis¬ 
connected and the voltage between cores is measured. 
This does not involve any interruption of supply. 
Routine insulation tfests of the d.c. cables are also made 
from time to time, and then, of course, the feeder must 
be isolated. The network boxes are all of a cast-iron 
type with ring-form busbars. The object of keeping the 
industrial supplies (6-kV) separate from the public supply 
networks was chiefly to render the factories independent 
of any trouble in the low-voltage network. In practice 
it has not proved economical to do this to any large 
extent, and many factories receive their supplies from 
the 6-kV rings that feed the low-voltage network. As 
the Two-Voltage system develops, the 6-kV mains will 
still be used for industrial supplies. 

In reply to Dr. Dunsheath, the first 3G-kV network in 
Berlin was completed in 1912. Three-core belted cables 
were used. Hochstadter cables were introduced during 
the construction of the 30-kV grid, but since 1932 
triple-lead-sheath cables have been used because of their 
greater beat conductivity, which enables them to be 
operated at a higher current-density. All three t 3 q)es of 
cable are said to be giving satisfactory service. The 
6-kV cables are of the belted type. Until recently the 
1-kV cables used for the low-voltage network were also 
belted, but a triple-lead-sheath cable has been adopted 
for the new low-voltage grids because it wiU clear faults 
with higher currents than the older type. Cables are 
normally waterproofed and armoured. The soil being 
sandy, they are laid in open trenches and covered with 
arched earthenware covers fitting closely to the top half 
of the cable. This tjTpe of cover is comparatively cheap 
and has been used for some years. 

The cable-research department was founded about the 
middle of the last decade at a time when newly-laid 
cables did not appear to be as good as one might expect. 
' The success of the department is most clearly seen in 
the improved power factor and ageing qualities of the 
cables manufactured to its specifications. The depart¬ 
ment has also collected a, considerable amount of in¬ 
formation regarding the performance of cables in service. 
Table 2 was intended to show that the annual number 
of faults was very low. Of the 4 faults in 1936, 2 were 
due to mechanical damage by excavators. If these 
2 faults axe neglected, the average for the last 6 years 

* See footnote on page 322. 


is 2 faults per year in 600 miles of cable, some of it many 
years old. In 1936 there was one fault in the first 8 
months. This appears to me to be a very low figure, 
and I do not think one would be justified in claiming 
that the history of 30-kV cable performance is any worse 
in Berlin than it is elsewhere.* 

I agree with Mr. Jeffery that conditions in Berlin are 
not unlike those in London; the Bewag do not build 
underground substations unless these are essential. One 
of the advantages of the Tw^o-Voltage sj^^stem is the 
elimination of much switch and control gear. It will 
be seen in Fig. 12 that the only large circuit breaker is 
that at the end of the 30-kV feeder. The 30-kV switches 
in the substations (see also Fig. 6) are comparatively 
inexpensive hand-operated isolating switches capable of 
breaking the normal full-load current only. 

The majority of the 380/220-volt cables are belted 
lead-covered and armoured cables insulated for 1 000 
volts. Cables having separate lead sheaths on each core 
are being adopted as far as possible for the low-voltage 
grids because they can break heavier currents. The 
capacity of a cable to clear a fault on itself depends more 
on the voltage than on anything else. There is an upper 
and a lower limit to the current which the cable can 
interrupt; if the current is too great the cable burns back 
rapidly to the nearest junction-box; if, on the other 
hand, the current is too low to form a good arc, the cable 
smoulders indefinitely. The limiting values of current 
depend mainly on the voltage, but are also affected by 
the nature of the cable itself, the thickness of insula¬ 
tion, the amount of copper in the cable, and the 
soil in which the cable is laid. For satisfactory opera¬ 
tion at 380 volts, cables must be laid in the ground 
and not in ducts, but the presence of short lengths 
of ducting does not render the system impracticable 
[see Reference (8)]. 

I was very interested to hear of Mr. Saddler’s re¬ 
searches in Adelaidef and to learn that 0*6-sq.in. cables 
insulated for 600 volts had been able to clear 85 per cent 
of the faults on test. The method of applying the faults 
to a cable by an artificial pick-stroke was ingenious and 
differed from that in Berlin where the faulty cable was 
switched on to the mains. In the Berlin tests the 
normal Bewag cables—3/ • 16 -j- 0 • 07 sq. in., with 1 • 6 mm 
of insulation between cores, the voids being filled with 
impregnated jute, covered with 2 • 4 mm lead, and double- 
armoured with 0*8 X 50 mm strip-—^were laid in sand at 
a depth of 2 to 3 ft. and covered with clay covers. They 
cleared all of 26 short-circuits under 18 000 amperes, but 
failed in 9 cases out of 33 when the current was greater. 
Specially-constructed cables were able to clear still 
heavier currents. Tests were not carried out on cables 
of a greater section than O-lSsq.in., or at higher 
voltages than 380. The tests showed that high gas 
pressure, good heat conduction, and the use of non- 
inflammable insulation, hastened the quenching of the 
arc by hindering restriking. Single-phase faults are 
easier to clear than 3-phase faults, and it appeared that 
the copper tended to burn more rapidly than the insula¬ 
tion. If three-lead-sheath cable is used all faults will 
tend to be virtually single-phase. 

* See EleUrotecknische Zeitscknft, 1936, vol. 57, p. 1401. 

t' Journal of the Institulion of Engineers, Australia, 19.53, vol. 4, p. 8. 
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The figures for the London undertakings are taken from the 1934r-35 returns for the London and Home Counties Electricity District. 

The Bewag area of 360 square miles is made up as follows; Urban 28 per cent, semi-rural and rural 45 per cent, lakes and forests 27 per cent. 

* Meter rent, etc. 
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Most of the speakers in the discussion seem to have 
had doubts about the stability of the low-voltage grids, 
especially when connected solid. When the grids were 
first planned in Berlin, the tests on burning-out cables 
were not complete. It was for this reason that fuses 
were introduced in the early networks. At the time 
that this paper was written no definite decision had 
been reached, but experience appears to have shown 
that fuses are unnecessary, and I am informed that 
in future all new low-voltage grids will be con¬ 
nected solid. At present there are 8 separate grids 
in Berlin, and of these only the first three to be con¬ 
structed had fuses. The only fuses in the new net¬ 
works are high-capacity " carrier " or " long-time ” 
fuses, fitted in the leads from the low-voltage side of 
the transformer. These are intended to act as safety 
devices should the automatic switch fail to clear a 
heavy fault current. 

The question of " pumping ” was referred to in the 
reply to Mr. Fennell. The dif&culty appears to have 
been overcome in a comparatively simple manner. The 
fact that each network is liniited in area and is supplied 
from a single distributing station helps considerably to 
reduce equalizing currents. It will be interesting to 
watch developments as the Two-Voltage system is 
extended. One of the main advantages of th6 pilot 
system of protection for the Two-Voltage system is that 
the protective relays on the transformers (Buchholz and 
temperature) can operate the main circuit breaker, thus 
m a.ldn g it possible to eliminate all other big switches. 
The 4-core pilot is common to all stations on the cable. 
The low-voltage automatic switch has no measuring 
relays of its own, but follows the movements of the main 
breaker. It is possible that a still simpler method can 
be devised. 

The lack of a reasonable space-heating load is more 
important than Mr. Bernard supposes. Domestic 
electrification is much more widespread in Germany 
than with us; in the Bewag area 83 per cent of the 
houses and flats had electric light in 1935, and yet the 
domestic consumption per head of population is con¬ 
siderably less than it is in large English towns. Some 
increase in storage heating is to be expected, but central 
steam-heating is likely to retain its place for many 
years. The chief effects of this lack of heating load 
are seen in the cable dimensions and in the tariffs. The 
Bewag tariffs are summarized in Table A, and it will 
be seen that there is no real domestic power tariff. It 
is difficult to find a basis for comparison with English 
prices; the best rate of exchange is perhaps one based 
on the rate of pay of an electrical fitter (see Table A), 
but even here there are differences, e.g. in insurance 
and travelling expenses, for which it is difficult to allow. 
(In general, transport is very cheap in Germany.) In 
comparing tariffs, one also has to bear in mind the cost 
of coal and copper, which is higher in Germany, and 
the fact that most power companies pay a fixed annual 
sum to the local government authority for their con¬ 
cession, in addition to their rates and taxes. In Berlin 
this amounts to about 0 • Id. per unit. The Bewag tariffs 
compare favourably with those in other German towns. 
When one remembers that nearly half the Bewag area 
is semi-rural and that a uniform tariff is chai*ged for 


all districts, I do not think one can claim that the 
Bewag tariffs are umeasonable. 

The financial history of the Berlin supply system is 
very interesting, and is worth the attention of anyone 
interested in the reorganization of urban supply systems. 
The original company, founded in 1883, was a private 
one, but, at the conclusion of the first concession period 
in 1915, the city exercised its right of purchase. From 
1915 to 1923 the company was operated by the city 
authorities. This method was not entirely successful, 
as the company was apt to be exploited for political 
or financial ends. At the end of 1923 the city authori¬ 
ties floated a subsidiary company to operate the concern, 
retaining the capital and buildings in their own hands. 
The company was thus freed from political influences 
and it was at this time that the period of rapid develop¬ 
ment set in. The organization appears to have been 
entirely satisfactory, but for financial reasons a semi¬ 
private holding company was formed in 1931. This 
company, called the “ Berliner Kraft- und Licht- A.G.” 
acquired all the assets and liabilities of the Bewag, as 
well as the power stations and other properties which 
had belonged to the city authorities. The capital was 
fixed at 240 milHon marks (RM.) and the shares were 
divided so that one half of the voting power was in 
private hands and the other half in the hands of public 
concerns, the City of Berlin, the “ Elektrowerke A.G.” 
(owned by the German Government) and the " Preuss- 
ischen Elektrizitats A.G.” (owned by the State of 
Prussia). At first the Bewag was retained as an 
operating company, paying the whole of its working profit 
to the holding company, but at the beginning of 1934, in 
order to simplify the management, the two companies 
were merged to form the Berliner Kraft- und Licht- 
(Bewag) A.G. Experiments with electric cookers were 
commenced in 1927, and the first big sales campaign was 
in the spring of 1932. There are a number of other semi¬ 
private undertakings of a similar nature in Germany. 

As Mr. Highfield suggests, the "oil-free” switch is 
rapidly replacing the oil switch in Germany. These 
switches are of two types. One is known as the ” expan¬ 
sion ” or " water ” switch; it is an explosion-pot switch 
in which the pot is filled with a mixture of water and 
glycerine. The other is the “ compressed-air ” switch 
in which air at about 10 atmospheres is used to blow 
out the arc. Both switches need to be opened and closed 
as rapidly as possible and should be interlinked with an 
isolating switch. Another achievement of considerable 
importance is the development of non-explosive current 
and voltage transformers, to which reference has 
already been made. The successful use of Petersen 
coils to eliminate heavy earth-fault currents, though 
not confined to Berlin, is also worth stressing, as well as 
the simplification in the protection of distribution 
transformers by Buchholz relays. But it is in the 
planning of the network that the Bewag is of supreme 
interest. The low-voltage grids have certainly proved 
their worth, and the Two-Voltage system, if it is suc¬ 
cessful, should prove an economical method of supplying 
them. The 6-kV distribution system, an excellent 
sjT-stem where security of supply is desirable, is a good 
example of the careful planning one has learnt to expect 
from German engineers. 



DISCUSSION ON 

** RECENT PROGRESS IN INDUCTION-MOTOR CONSTRUCTION ”* 

WESTERN CENTRE, AT CARDIFF, 9th NOVEMBER, 1936 


Mr. D. J, Thomas: The author’s reference to end- 
shields raises the question whether end-shields are not 
made much weaker on motors fitted with ball and roller 
bearings in comparison with 'those fitted with sleeve 
bearings. Experience has shown that modern motors 
fitted with ball and roller bearings have given trouble 
in situations subject to vibration to a greater degree 
than those fitted with sleeve bearings. This is attributed 
to weaker end-shields giving much less mechanical 
rigidity, which is indicated in slip-ring and brush troubles. 
Owing to vibration the brushes do not make good contact 
with the rings, and this causes slight pitting of the rings, 
which, once begun, soon increases rapidly. I should 
like the author to state how he deals with these troubles, 
and to what extent they are due to the inherent weakness 
of design of motors fitted with ball and roller bearings. 

I am surprised to find that no reference is made by the 
author to the all-steel rotor fitted in modern machines; 
I should like him to express his views about this, and 
regarding the probable development and application of 
this type of rotor in the future. 

Mr. L. F. A. Driscoll: It would appear that the main 
purpose of this paper is to advocate the welded or 
fabricated yoke and rotor form of construction as against 
the cast-iron types of machines, but it is surprising to 
find that no comparative curves of distortion or displace¬ 
ment of air-gap or other useful comparative data are 
given. 

No reference is made to the weight ratio, and I should 
like the author to state what this would be for two similar- 
performance machines of, say, 600 h.p. Would the total 
unbalanced magnetic pull of three times the weight of 
the rotor quoted on page 390 amount to approximately 
the same value for both forms of construction ? 

From a transport point of view, rail charges would be 
lower for the fabricated machines, on account of their 
weight being less than that of the cast-iron types, and 
breakages should be considerably reduced. 

Concerning windage and magnetic noises, can the 
author suggest any improvements to reduce these 
effects in small machines, particularly single-phase units 
up to 6 h.p. ? Such machines at present leave much to 
be desired from the point of view of noise, especially 
in situations when the minimum of noise is essential. 

Mr. C. F. Freeborn: What means is adopted to free 
a fabricated stator or bedplate of the stresses induced 
by welding; and is there any record to prove that welded 
structures do not alter their shape over a period of, say, 
6 or 7 years ? 

Secondly, why does a winder or large haulage motor 
on which the stator is wound in open slots apparently 
* Paper by Mr. L. H. A. Carr (see vol. 78, p.-383). 


produce greater wear on the reversing-switch contacts 
than a motor with closed or semi-closed slots ? 

Mr. H. G. "Weaver: With regard to lifting arrange¬ 
ments, the five mentioned in the paper are much to be 
preferred to the bad practice occasionally met with, of 
welding a separate lug on to the outside of the frame. 
It is much safer to take the lifting strain by a definite 
cross-section of material than by an uncertain cross- 
section, depending on the skill of the welder. 

I agree that the modern small induction motor is very 
inaccessible, and when trouble occurs it is quicker to 
replace the complete motor with a spare, than to attempt 
a repair. Fans on the rotor make it very difficult to 
get at the windings to clean them, and, even after 
dismantling, the windings cannot be cleaned easily, as 
they are usually tightly packed together in a limited 
space. This, together with the t 5 q)e of. former-wound 
coil generally used, makes the replacing of a faulty coil 
very difficult, and usually necessitates a complete 
rewind. 

The modem cartridge type of roller bearing has greatly 
assisted in the quick dismantling of a machine, and I 
have not come across a case of failure of such a bearing, 
even under severe conditions. There is a tendency, 
however, where roller bearings are used, to make the 
air-gap too fine, and I have known several cases where 
the rotor core has jammed in the stator core and stalled 
the machine, owing to dust packed hard between the 
cores, the normal air-gap being extremely small in 
each case. 

White-metal-lined split-sleeve bearings are satisfactory 
in larger machines for heavy duty. The two main 
factors contributing to their freedom from failure are 
(a) oil wells which do not lose their oil, and (6) oil rings 
which do not stick. Trouble has been experienced with 
oil being sucked out of the wells by windage, in high¬ 
speed motors fitted with fans, but most makers appear 
to have overcome this difficulty. 

Motors which axe subject to considerable vibration, 
such as when driving gearing which has worn, sometimes 
give trouble due to the oil rings leaving their grooves. 
Usually one ring works its way into the other groove, 
and stops both rings working. In such cases a small, 
removable strip fixed across the top of the groove has 
proved a satisfactory remedy. Another source of trouble 
is the joints of split oil rings. Sufficient care is not 
always taken to make the joints smooth and to keep 
the inside radius of the rings correct at these points, and 
sticking results. 

Ventilating fans are sometimes of flimsy construction,, 
and should be specially strengthened on machines which 
have to reverse frequently. 
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I am surprised at the statement made in the paper that 
totally-enclosed double air-circuit machines are not 
acceptable for use in the heavy industries. This type 
was developed for heavy duty in dirty situations, and 
these are the conditions met with in the heavy industries, 
where such motors have been found very satisfactory. 
Although they are not so accessible as the standard type 
of machine, this is more than counterbalanced by the 
fact that it is not necessary to dismantle them for 

cleaning. , 

Among other causes of breakdown, the author mentions 

“ surge on the system.” I should like him to explain 
what kind of surge is referred to, the type of motor 
afEected, and how the motor failed. 

Mr. Reginald Robinson: I should like to suggest that 
the covers of shp-rings, whether of the pressed-steel or the 
cast-iron type, should, be fitted with, handles and also 
have some form of guide dowel to carry the weight and 
assist in guiding for centring the holes for the set-screws. 
As regards the pressed-steel tj^e of cover, its shape in. 
large sizes makes it difficult to fit, where handles are not 
fitted, and in the cast-iron t 3 rpe the added weight increases 
the difficulty. One frequently finds that no less than 
three men are required to replace a cover of the cast-iron 
type where'used on a motor of 250 h.p. 

In the journal-bearing types of motor a glass-inset 
inspection oil-rings cover is fitted, and I suggest that, 
whereas at present this is secured by a hinge at one end 
and has no properly-made cord-packing joint between the 
edge of the cover and the bearing housing, it would, for 
mining conditions, be much improved by the provision 
of some such type of jointing and a securing set-screw at 
the side opposite the hinge of the cover, so that dirt 
may not enter the oibwell by the careless replacement 
of the cover after the oil has been_replenished. 

Mr; L. H.. A, Carr {in uply ): Mr. Thomas has, to a 
large extent, answered himself by admitting that where 
trouble was experienced with ball and roller bearings the 
end-shields were: weaker than those supplied with sleeve 
bearings. There: is no; justificationi, other things being 
equal, for making one end-shield weaker than the other. 
Consequently, as regards slip-ring and brush troubles due 
to vibration, there is inherently nothing to choose 
between ball and sleeve bearings, although as regards 
the bearings themselves the journal bearings show up: 
better: under vibration, any hammer blow being less- 
concentrated, whilst, in addition, with sleeve bearings, 
the oil fiilm exerts a damping effect on the movements of 
the shaft. Where excessive' vibration cannot be- elinu- 
nated^—elimination is of course the correct cure-—it is 
frequently passible to avoid pitting of slip-rings a,nd 
brushes by increaskig the number of brushes; per ring 
from 2, or 4 to 6, spaced evenly round the ring. This 
palliative can, however, only be adopted when the slip- 
rings are designed with sufficient margin to. allow for the 
dissipation of the increased frictron losses. 

The machine with an all-steel rotor has inherently a 
low efficiency and a low power factor, for reasons, which 
are clear: to all designers of electrical machinery. Com 
sequently, its use is limited to drives where these charac¬ 
teristics are relatively nmmportant, in other words to 
drives where, the running time: is very short and where 
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the advantages of higher starting-torque and ruggedness 
of construction are of great value. Motors of this type 
are used for starting rotary convertors, driving live rolls, 
and similar jobs where the duty is almost entirely that 
of starting, but on account of the above disabilities it is 
not to be expected that all-steel rotors will come into 
use for continuously-rated machines. 

I cannot agree with Mr. Driscoll that the main purpose 
of the paper is to advocate welded frames as against 
cast iron. Either material can be used to produce a 
perfectly satisfactory yoke; and, as mentioned in the 
paper, for certain types of design the welded frame lends 
itself the more readily, for others the cast iron. ^ No 
comparative curves of distortion are given because either 
type of yoke can be designed to meet the same figures, 
with very little difference either in weight or in cost 
between the two types. The unbalanced magnetic pull 
when the rotor is touching the stator is entirely inde¬ 
pendent of the material of which the frame is made. 

Regarding the possibilities of eliminating to a large 
extent both magnetic and windage noises, nothing useful 
can be said at present, beyond the fact that manufacturers 
are fully alive to the problem and that a considerable 
amount of investigation is taking place on the subject. 

In reply to Mr. Freeborn, low-temperature annealing or 
stress-relieving can be applied to a stator but, in general, 
is found to be unnecessary since no appreciable change 
in dimensions takes place, even over many years. 

I regret that I cannot give any explanation of Mr. 
Freeborn’s observation that machines- with open-slot 
stators produce greater wear on the reversing switch- 
contacts than machines with semi-closed slots. 

In reply to Mr. Weaver, it is very unusual to weld a 
lifting lug to the outside of a frame, and, where it is 
possible tO' examine a machine internally, it will usually 
be found that the lug forms the end of a bar which has 
been pushed through the wrapper plate. By welding 
this bar to the wrapper plate round the- junction on the 
outside of the machine, it is impossible to tell from the 
outside that the lug is really only one end of a member 
carried right through from the interior. 

Mr, Weaver is surprised at my statement that totally- 
enclosed double-air-cireuit machines are not acceptabie 
for'use in the heavy industries. I can only say that this 
is the position as I find it. These machines are not yet 
generally acceptable- to these industries. This is' not to 
say that the position is the fault of the manufacturers 
or that the machines are unsuitable-for such service, but 
they are just not used, and it is for the en^neers engaged 
in these industries to- adopt such machines for new 
installations in positions and for duties for which they 
may be suitable. 

By the term surge ” is meant any abnormal voltap- 
rise on a system, whether due to lightning, switching 
operations, sudden elearanee following a short-circuit,^ or 
any other cause- extraneous to the motor. No- specific 
breakdbwn- was indicated;' hut breakdowns, principally 
in the stator winding, have been known to* occur owing 
to- the above causes. 

I thank Mr. Robinson for his practical suggestions, 
which?, it may be expected, wiff be- considered by the 
various, manufacturers of eltectrical machinery. 
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SUMMARY 

The paper deals with experimental results obtained oir a 
modern coil ignition system operated by a double contact- 
breaker with a small angle of open circuit. At high speeds 
the contact breaker closes before the spark discharge ceases. 

Measurements of the effect of the persistence of the spark 
dicharge upon the coil performance for various secondary 
loading conditions are described. It is shown that the 
increase in the just-regularly-sparking output which is 
obtained is approximately independent of secondary loading 
due to normal values of shunted capacitance and/or resistance. 

A theoretical investigation, based on the results, is carried 
out to determine the approximate increase in sparking fre¬ 
quency with a given output, due to the effect of the persistence 
of the spark discharge, for various periods of open circuit. 
Under certain conditions, the estimated increase is 35 per cent 
for 0*4 millisecond and 63 per cent for 0-1 millisecond. 

The maximum sparking frequency of 12-volt coil systems, 
capable of meeting the output requirements of tlie Service 
specification for ignition apparatus, is estimated for various 
values of the open-circuit period. It is shown that the 
probable limit for reliable operation with a double contact- 
breaker is about 300 sparks per sec. per coil. 


(1) INTRODUCTION 

The limitation of high-speed performance of coil 
ignition systems is mainly due to the fact that the 
primary supply voltage is constant. The energy stored 
in the primary winding at the instant of break becomes 
progressively smaller as the period of closed circuit 
diminishes with increase of speed, and, with the limiting 
current determined by sparking at the contacts, the 
performance can only be improved, for a given voltage, 
by decreasing the angle of open circuit. 

It is known that the limitation of high-speed per¬ 
formance of magnetos is not due to primary voltage, 
since this increases with increase of speed, but to the 
persistence of the spark discharge, which tends to retard 
the flux reversal and diminish the primary energy at 
break. In general, the sparking frequency can be 
increased by increasing the period of open circuit up to 
a limit which depends upon the position of the inductors 
relative to the armature poles. This position is de¬ 
pendent upon the low-speed performance required and 
the timing range. 

It has been suggested by Finch and Suttonf that the 

* The Papers Committee invite written communications, for consideration 
■with a view to publication, on papers published in the Journal without being' 
read at a meeting. Communications (except those from abroad) should reach 
the Secretary of The Institution not later than one month after publication of 
the paper to which they relate. 

t “ The Control of Ignition-Coil Discharge Characteristics,” Proceedings oj the 
Physical Society, 1933, vol. 45, p. 288. 


sparking frequency of coil ignition systems can be 
increased considerably by the use of a double contact- 
breaker so disposed that the period of open circuit is only 
just sufficient to allow a spark to occur. By this means 
a considerable re-transference of energy from the 
secondary to the primary will occur when the contacts 
close, owing to the persistence of the spark discharge, in a 
period of time which can be neglected in comparison with 
the total period of closed circuit. 

This paper deals with experimental results obtained on 
a modem coil system operated by a double contact- 
breaker with a small angle of open circuit, and an 
investigation, based on the results, into the effect of the 
persistence of the spark discharge and the variation of 
the period of open circuit. The probable ultimate limit 
of sparking frequency of 12-volt coil systems with a 
double contact-breaker, capable of meeting the require¬ 
ments of the Service specification for ignition apparatus, 
is estimated. The output requirements of the specifica¬ 
tion may be briefly stated as follows: (a) Regular spark¬ 
ing at 9 000 volts with a capacitance of 260 /xftF— 
equivalent to 6 ft. of screened h.t. cable—shunted across 
each spark-gap. (&) Regular sparking at 5 000 volts 
with a shunted capacitance of 260 /x,/xF plus a shunted 
resistance of 0*2 megohm, the latter load representing 
the insulation resistance of a leaky sparking-plug, 

(2) THE CHARACTERISTICS OF THE SPARK 
DISCHARGE 

The theory and characteristics of the spark discharge 
of an ignition coil have been described by Finch and 
Sutton,f and by Bradford, Finch, and Prior,:!; who have 
shown, by means of cathode-ray oscillograms, that when 
the voltage which the ignition coil can produce con¬ 
siderably exceeds the breakdown voltage of the spark- 
gap the discharge consists of a high-potential spark—the 
“ capacitance component ”—followed by a low-voltage 
“ pulsating ” arc—^the “ inductance component.” The 
capacitance component is a high-frequency oscillatory 
current of considerable magnitude, and has an extremely 
short duration of the order of 10“® sec. The inductance 
component consists of a damped oscillatory current, 
superimposed upon a linearly decaying cuixent. The 
current is unidirectional throughout the life of the 
inductance component. The total duration of the dis¬ 
charge may be as much as 6 milliseconds, bnt is dependent 
upon the reserve of voltage which is available. The 
larger the output voltage of the ignition coil in relation 

t Loc. cit. 

t “ The Ignition of Some Explosive Mixtures," 1933, Part I, p. 227; and 1034, 
Part I, p. 70. 
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to the breakdown voltage of the spark-gap, the longer 
is the duration of the discharge. 

When, the breakdown voltage of the spark-gap is 
comparable with the output voltage of the ignition coil 
the discharge is extinguished in the troughs of the oscilla¬ 
tions of the inductance component, each oscillation of 
which is then preceded by a capacitance component. 
The discharge in this case comprises a number of high- 
potential sparks each of which consists of a capacitance 
component and one, or part of one, oscillation of the 
inductance component. The current is unidirectional 
and decays linearly, but the discharge may be ex¬ 
tinguished before the current has completely fallen 
to zero. 

It was also shown, by means of oscillograms, that the 
closing of the primary circuit during the life of the dis¬ 
charge extinguishes the discharge in a period of time of 
the order of 0 • 01 to 0 • 1 millisec. During this period the 
primary current builds up rapidly to a value which is 
proportional to the average value of the unidirectional 
secondary current at the instant of the closing of the 
primary circuit. Wlhen the spark discharge ceases the 
rapid increase of primary current also ceases, the current 
building up during the remainder of the closed-circuit 
period at a much slower rate. For practical purposes 
the period of 0-01 to 0 -1 millisec. can be neglected 

in comparison with the total period of closed circuit, 
which is rarely less than 2 millisec. 

The capacitance which discharges during the capaci¬ 
tance-component period has not been determined. It was 
assumed by the above-mentioned authors that the total 
capacitance of the secondary circuit, including the dis¬ 
tributed capacitance of the secondary winding, was com¬ 
pletely discharged. Taylor Jones,* however, in describ¬ 
ing the spark discharge of induction coils, states that the 
initial spark (the capacitance component) is probably 
the discharge of that portion of the total charge which is 
stored on or near the secondary terminals at the moment 
when the discharge begins. Taylor Jonesf also shows 
that the discharge may consist of two or three sparks 
when the primary current is adjusted to the minimum 
value required to break down the spark-gap, the voltage 
of the second and third sparks being lower than the 
voltage of the initial spark. Now it is probable that the 
induction coil which was used by Taylor. Jones was 
adjusted for optimum secondary potential in accordance 
with his theory, which implies zero primary potential 
and zero current in both primary and secondary windings 
at the moment of maximum secondary potential, the 
whole of the energy being electrostatic energy in the 
secondary capacitance. Therefore if all this energy is 
dissipated in the capacitance component the discharge 
can only consist of the capacitance component.' It would 
thus appear that only a part of the secondary electro¬ 
static energy is dissipated in the capacitance component, 
sufficient remaining in the system to produce one or moire 
additional high-voltage sparks. 

In a coil ignition system the capacitance of the primary 
condenser necessary to suppress arcing at the contacts is 
generally considerably greater than the value required for 
optimum secondary potential, particularly with an un¬ 
loaded coil. Therefore the conditions for optimum results 

• “ Induction Coil Theory and Applications ” (Pitman, 1932). f 


do not apply, and at the moment of maximum secondary 
potential the total energy in the coil system may be con¬ 
siderably greater than the secondary electrostatic energy. 
The excess energy, in addition to that part of the 
secondary electrostatic energy which is not dissipated 
during the period of the capacitance component, there¬ 
fore remains in the coil system after the capacitance com¬ 
ponent has ceased. It would appear that a large 
proportion of this remaining energy is transformed into 
electromagnetic energy during the oscillation of the' 
inductance component which follows the capacitance 
component. The inductance component breaks down 
in the trough of its oscillation, the secondary capacitance 
is recharged to some potential lower than the initial 
breakdown voltage of the spark-gap, and a second spark 
occurs. The process is repeated until the available 
energy is insufficient to charge the secondary capacitance ^ 
to the necessary potential, and the discharge ceases in 
the trough of an oscillation of the inductance component. 

It would appear, therefore, that the spark discharge 
of an ignition coil will generally consist of several high- 
voltage sparks, even when the breakdown voltage of the 
gap before the discharge starts is equal to the open-circuit 
voltage of the coil. Further, in order to maintain regular 
sparking, some reserve of voltage is necessary to com¬ 
pensate for variations in the spark-gap voltage and in the 
voltage produced by the coil. It will be shown later in 
the paper that a reserve of voltage of 10 per cent produced 
a discharge having a duration of at least 0 • 83 millisecond 
as measured by means of a rotary spark-gap. It follows, 
provided the period of open circuit is small enough, that 
energy will be transferred to the primary circuit when the 
contact breaker closes, even when the reserve of voltage 
is only of the order of 10 per cent or less) the energy 
transfer is not restricted to the case when the reserve of 
voltage is large. It is also probable that a similar transfer 
of energy will occur after the discharge has ceased, pro¬ 
viding the contact breaker closes before the decay of 
energy is complete, that is, before the oscillations which 
occur in both secondary and primary circuits after the 
discharge has broken down, have ceased. 

(3) OPERATION OF DOUBLE CONTACT-BREAKERS 

It is considered that the period of open circuit of a 
single contact-breaker should not be less than 40 per cent 
of the total sparking period, since for smaller periods 
the wear of the fibre heel would be excessive owing to 
the necessarily small width of heel and highly-sloping 
cam crests. The high-speed operation would also tend 
to be irregular owing to “ fling,” i.e. the heel would not 
follow the cam surface. 

The open-circuit period can be further reduced by the 
use of two contact breakers, connected in parallel, and 
disposed at an angle such that one closes the primary 
circuit soon after the other has broken it. If the second 
contact-breaker breaks after the first has closed again, 
the high-voltage spark will occur only on the opening of 
the first contact-breaker, and the number of cam crests 
is equivalent to the number of cylinders, each contact 
breaker operating at the total sparking frequency of the 
ignition coil. 

A better arrangement is to dispose the contact breakers 
at an angle equivalent to the cylinder displacement, and 
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arrange the open- and closed-circuit angles of each con¬ 
tact breaker such that one closes the circuit and subse¬ 
quently breaks before the other closes. The number of 
cam crests is now equal to half the number of cylinders, 
and each contact breaker operates at half the total spark¬ 
ing frequency of the ignition coil. This arrangement is 
often used on 6- and 8-cylinder engines when extra-high 
speeds are required. A similar double contact-breaker 
system, but with two 6-crest cams disposed at an angle of 
30^ was adopted by the Remy Electrical Co., of Anderson, 
U.S.A., in 1918 for 12-cylinder engines. 

The system employed for the experimental work 
described in this paper has two parallel-connected contact 
breakers disposed at 160°, actuated by a 6-crest cam. 
The static angles of open and closed circuit of each 
contact breaker are approximately 34|° and 25-|° respec¬ 
tively for a contact gap of 0-012 in. The combined 
static angles of open and closed circuit are therefore 
4-|-° and 26|-° respectively. 

(4) DESCRIPTION OF IGNITION UNIT AND 
APPARATUS 

The complete ignition unit comprises an ignition coil, 
the double contact-breaker, which has tungsten contacts, 
a condenser connected across the contacts, a 6-crest cam, 
and a 12-cylinder distributor of the spark-gap type. 
Fig. 1 shows a view of the double contact-breaker, the 
condenser, and the distributor rotor, behind which is 
the cam. The ignition coil is of the modern type 
described by Watson* and has a straight laminated core 
with an open magnetic circuit. The secondary winding 
is wound on the core and the primary winding is wound 
over the secondary. The whole coil is contained in a metal 
case having a diameter of 2| in. and a length of 3| in. 

The distributor was connected to a 12-way spark-gap 
by means of plain rubber h.t. cables. Each spark-gap 
consists essentially of two steel balls, | in, diameter, one 
insulated and one earthed, and an insulated pointed 
electrode of brass. The point is set 0-6 mm. from the 
surface of the insulated ball and 2 mm. behind the face 
adjacent to the earthed ball. The insulating material is 
red fibre which has been impregnated with paraffin wax. 
The insulation resistance between the balls is of the order 
of 100 megohms as measured by a 500-volt Megger. 
Under these conditions a small discharge passes between 
the point of the brass electrode and the insulated ball, and 
ionizes the main spark-gap. The spark lag of the main 
gap is consequently small, and the voltages of successive 
sparks do not vary to any great extent. The gap can 
thus be adjusted with considerable accuracy to its limit¬ 
ing length for regular sparking. 

The voltage was measured by means of a thermionic 
peak voltmeter, consisting of a suitable rectifying valve, 
reservoir condenser, and electrostatic voltmeter. The 
measurements were carried out with a battery e.m.f. 
of 11*6 volts and a maximum primary current of 
3 • 1 amperes, since intermittent violent sparking occurred 
at the contacts if this value of maximum current was 
exceeded, owing to the rather small pressure between 
the contacts. The maximum primary current is the 
current at zero speed with the contacts closed, and is the 
limiting value of the primary current at break. It was 

• * “ Coil Ignition Systems," Journal I.E.E., 1932, vol, 70, p. 123. 


maintained constant at 3 • 1 amperes by means of a non- 
inductive resistance in series with the primary winding. 

(5) MEASURED SECONDARY-VOLTAGE 
CHARACTERISTICS 

Fig. 2a shows the regular sparking voltages with 
various loads connected across the measured gap. The 
regular sparking voltage is the highest voltage, as 
measured by the peak voltmeter, at which sparking can 
be maintained regular. The curves are plotted to a base 
of sparking frequency, and show that the Service specifi¬ 
cation requirement of 9 000 volts with 250 pt/xF shunted 
capacitance can only be obtained up to about 200 sparks 
pel sec., while 5 000 volts with 250 p,|LtF shunted capaci- 



Fig. 1 

[Reproduced from an R.A.F. photograph—Crown copyright reserved.] 


tance and 0-2 megohm shunted resistance is just obtained 
at low speed. The maximum voltage produced by the 
ignition system with plain cables is also shown. This is 
the voltage, as measured by the peak voltmeter, with 
the spark-gap opened so that no spark occurred, i.e. the 
maximum value of the open-circuit voltage. Intermittent 
sparking at the contacts at low speeds reduced the regular 
sparking voltage considerably. The difference between 
the two curves at high speeds is due mainly to irregu¬ 
larities in the action of the contact breakers. 

It was found that, at sparking frequencies in excess of 
100-160 per sec., the voltage of the measured gap was 
influenced by the spark discharge of the previous gap, i;e. 
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by the gap immediately preceding the measured one. 
The voltage of the measured gap increased considerably 
as the voltage of the previous gap was decreased from its 
open-circuit value to zero by decreasing the length of the 
gap. The regular-sparking-voltage readings shown in 
Fig. 2a were obtained with all 12 gaps set for just- 
regular-sparking at all speeds. This is the practical 
condition for the measurement of the secondary voltage 
of a magneto or an ignition coil, particularly at high 
speeds, since the measured voltage then represents the 
highest value at which regular sparking can be maintained 
on all the spark-gaps. 

(6) MEASUREMENT OF THE EFFECT OF THE 
SPARK DISCHARGE 

The regular sparking voltage on one spark-gap was 
measured for various values of shunted resistance across 
the previous gap, which, except for the closed-circuit 
readings, was opened sufficiently far for no sparking to 
occur. Fig. 2b shows the results, and it can be seen that 
the highest voltage is obtained with the previous gapi 
closed. In general, the measured voltage is lowest when 
the previous gap is open-circuited, but the values for 
0-2 and 0*3 megohm are slightly lower over a small 
frequency range. 

Fig. 3a shows the results plotted to a base of shunted 
resistance for various sparking frequencies. These 
curves show that the voltage generally decreases with 
increase of resistance across the previous gap. 

The broken-line curve in Fig. 3a shows the results 
obtained at 400 sparks per sec. by varying the shunted 
resistance across the previous gap, when this gap was set 
at 6 000 volts (peak). The voltage of the measured gap 
decreases slightly as the resistance across the previous 
gap is decreased from 0-5 to 0'25 megohm, the latter 
being the limiting resistance below which regular spark¬ 
ing was not maintained at the previous gap. Further 
decrease of the resistance causes a rapid fall in the voltage 
of the measured gap until sparking cea ses at the previous 
gap at 0-2 megohm, below which resistance the measumd 
voltage rises again along the full-line curve for 400 sparks 
per sec. The increase in performance represented by the 
difference between the broken-line curve and the full-line 
curve for 400 sparks per sec. is due to the persistence of 
the spark discharge of the previous gap. The two curves 
show clearly how the available voltage at one sparking 
plug may be altered by the insulation resistance of the 
previous plug. 

The regular sparking voltage was measured with 
various capacitance loads on the previous gap, both when 
the previous gap was set at 6 000 volts and when it was 
opened so that no sparking occurred. Fig. 3b shows 
that in the former case the voltage at the measured gap 
decreases considerably with increase of shunted capaci¬ 
tance. In the latter case there is a small decrease in the 
measured voltage as the capacitance increases from zero 
to 100 ijbfxF. This would appear to substantiate the view 
already stated that energy may be re-transferred to the 
primary circuit after the discharge has ceased (or, as in 
the present case, with no discharge) providing the decay 
of energy in the coil system is not complete before the 
contact breaker closes. 

Fig. 3 c shows the effect of varying the sparking voltage 
VoL. 80. 


of the previous unloaded gap. The measured voltage 
increases considerably as the previous-gap voltage is 
decreased. The limit of regular sparking of the previous 
gap is 11 200 volts, compared with 10 300 volts on the 
measured gap, owing to the fact that the remaining 10 
gaps were all sparldng at 6 000 volts. 

The broken-line parts of the curves of Figs. 3b and 3c 
indicate the unstable conditions between no sparking and 
just-regular-sparldng on the previous gap. Fig. 3c shows 
that the regular-sparking voltage decreases quickly when 
the previous spark becomes irregular, while the maximum 
voltage falls more slowly to the sparkless limit. 

It should be noted that, if one gap ceases sparking 
owing to insufficient voltage not caused by a low value 
of shunted resistance such as a breakdown in the insula¬ 
tion of a sparking plug, but arising from, say, a large 
spark-gap caused by electrode erosion, the following gap 
wiU spark irregularly. It was found during the tests, by 
adjusting all 12 gaps to the just-regular-sparking 
limit and then opening one, that in consequence as many 
as the 3 following gaps sparked irregularly. 

(7) GENERAL DEDUCTIONS FROM THE CURVES 

A comparision of Fig. 3c with the full-line curve for 
400 sparks per sec. of Fig. 3a shows that the effect of a 
resistance of 0 -1 megohm connected across the previous 
non-sparking gap is approximately equivalent to the 
effect of a just-regularly-sparking gap of 11 200 volts, 
the measured voltage being 10 300 volts in both cases. 
Reducing the voltage of the previous gap to 6 000 volts 
is equivalent to reducing the shunted resistance to 
0 • 06 megohm, the voltage at the measured gap now being 
11 200 volts. Fig, 3c also shows that the voltage at the 
measured gap decreases regularly as the voltage of the 
previous gap is increased from zero to the limit for 
regular sparking of 11 200 volts. Now it has been shown 
that the nature of the spark discharge changes from a 
low-voltage pulsating arc to a series of high-potential 
sparks as the breakdown voltage of the gap is increased 
from a low value to a value comparable with the output 
voltage which the coil can deliver. Thus, since there is 
no abrupt change in the slope of the curves of Fig. 3 c 
from zero to 11 200 volts at the previous gap, the change 
in the characteristics of the spark discharge does not 
abruptly alter the amount of energy which is re-trans¬ 
ferred to the primary circuit. It is only when the 
previous gap commences to spark irregularly that the 
voltage of the measured gap decreases quickly. Thus, 
providing the sparking is regular, the coil acts as if the 
secondary winding is shunted by a resistance of low 
ohmic value as compared with the mimimum specified 
resistance of a leaky sparking-plug—0 • 2 megohm. For 
a given period of open circuit, which in the present case 
at 400 sparks per sec. is approximately 0-4 millisec,, the 
energy transferred to the primary circuit increases as the 
gap voltage is decreased, since there is less loss of energy 
while the secondary capacitance is being charged to the 
sparking voltage and the total duration of the discharge 
is increased. A similar effect is obtained by a decrease 
in the capacitance with a constant gap voltage—^Fig. 3b 
—and for the same reasons. 

The approximate increase in performance which is 
obtained by the closing of the primary circuit before the 

22 
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Fig. 3b.— Variation of voltage at 400 sparks per sec. with capacitance shunted across previous gap 
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spark discharge ceases will be estimated from the voltage- 
increases shown in Figs. 3a, 3b, and 3c. Now the 
measured output with plain cables at 400 sparks per sec., 
with all spark-gaps set for just regular sparking, is 
10 300 volts (Fig. 2a). This value is also shown in 
Fig. 3c with the previous gap set at its limiting voltage 
for regular sparking, whereas with no sparking at the 
previous gap the measured voltage is only 9 000 volts. 
Therefore the effect of the persistence of the spark dis¬ 
charge is to increase the measured voltage from 9 000 to 
10 300 volts, an increase of 14'5 per cent. The corre¬ 
sponding measured voltages in Fig. 3a are 9 600 and 
10 800 volts, an increase of 12-6 per cent, and in Fig. 3b 
are 8 500 and 10 000 volts, an increase of 17-6 per cent. 
A single measurement at 400 sparks per sec. with the 
Service .specification loading of 250 ju/aF plus 0-2 megohm 
shunted across the previous gap, which was set at its 
regularly-sparking limit, showed 8 800 and 10 000 volts, 
an increase of 13*6 per cent. Thus for all normal loads, 
i.e. a shunted resistance as low as 0*2 megohm and a 
shunted capacitance up to 300 fjijjF, or a combination of 
these loads, the measured voltage-increase only varies 
from 12-5 per cent to 17 *6 per cent provided the 
previous gap is set at its limiting voltage for regular 
sparking corresponding to the particular load. The 
increase in the regular sparking output, due to the effect 
of the persistence of the spark discharge, is therefore 
approximately independent of secondary loading due to 
normal values of shunted capacitance and/or resistance, 
and an assumed average increase of about 15 per cent 
will be satisfactory for the present purpose. The 
maximum-voltage curve of Fig. 3c shows an increase of 
14-7 per cent (9 500 to 10 900 volts) and will therefore 
be considered, since measured maximum voltages should 
be directly comparable with calculated values. The 
increase in performance which was obtained by a decrease 
in the shunted capacitance across the previous non¬ 
sparking gap from 100 fXfiF to zero (Fig. 3b) will be 
neglected. 

(8) DURATION OF SPARK DISCHARGE, AND 
ANGLE OF OPEN CIRCUIT 

The duration of the spark discharge was measured by 
means of a rotary spark-gap set at 10 000 volts (peak) 
with an available open-circuit coil voltage of 11 000 volts, 
conditions corresponding approximately to the regular- 
sparking limiting conditions of Fig. 3c. It was found 
that if the coil output was reduced below 11 000 volts 
sparking tended to become irregular, and no accurate 
measurement of the discharge duration could be made. 
The distributor speed was 500 r.p.m., corresponding to a 
sparldng frequency of 100 per sec. Regular spark dis¬ 
charge occurred over an arc of 2|-°, corresponding to a 
discharge duration of 0-83 millisec., but irregular sparks 
appeared up to 4°, showing that energy remained in the 
coil system for at least 1 • 33 millisec. after the first spark. 
The approximate period between the instant of break 
and the first spark was deduced from spark-position/speed 
readings and had a value of 0-078 millisec. The total 
period from the instant of break was therefore approxi¬ 
mately 1*4 millisec., the period for regular discharge 
being 0 • 9 millisec. 

The angle of .spark discharge remained approximately 


constant at from 110 to 420 sparks per sec., but was 
erratic above the latter frequency, and at 500 sparks per 
sec. had increased to 6°. The total angle of open circuit 
increased from 4|-° (measured statically) to about 5-3° at 
400 sparks per sec. The angle of discharge was measured 
for all 12 distributor leads and found to vary between 
4“ and 4|° at 400 sparks per sec. The closed- and open- 
circuit angles will therefore be taken as 26° and 6° 
respectively, with corresponding closed- and open-circuit 
periods at 400 sparks per sec. of 2-08 and 0 • 42 millisec. 
respectively. 

It should be noted that the rotary spark-gap which was 
used for the measurements is of the type in which the 
earth electrode rotates with the h.t. electrode. The 
position of the spark on the scale, which has a diameter 
of 11 in., can thus be accurately measured, since the spark 
is not deflected as in the type where the spark passes 
between a rotating electrode and a stationary metal ring. 

The period necessary for the total decay of energy in 
the coil system was also deduced from the minimum 
speed at which a difference in the coil voltage could be 
detected with and without the spark discharge. The 
primary winding of the coil was connected directly across 
a 6-volt battery in order to obtain a more rapid fall of 
secondary voltage with speed, and the h.t. leads were 
connected across the ball gaps. The difference in output 
was detected by setting several of the ball gaps to the 
regular sparking limit and then opening one, when the 
following gap sparked irregularly if the sparking fre¬ 
quency was sufficiently high. A difference could be 
detected as low as 130 sparks per sec., corresponding 
to an open-circuit period of approximately 1 • 2 millisec. 
Thus, although regular discharge on the rotary spark-gap 
ceases 0-9 millisec. after break, sufficient energy is re¬ 
transferred to the primary circuit after 1 • 2 millisec. to 
produce a small increase in the coil output. Therefore 
the energy cannot be completely dissipated, and it will 
be assumed that the total period for the complete decay 
to zero is 1*4 millisec. after the opening of the contact 
breaker, i.e. energy will be re-transferred to the primary 
circuit if the period of open circuit is less than 
1*4 millisec. 


(9) COIL CONSTANTS 

The constants of the ignition coil are as follows:— 


Primary inductance .. 
Secondary inductance 
Mutual inductance .. 

Coil coupling .. 

Primary d.c. resistance 
Secondary d.c. resistance 
Primary-condenser capacitance 


= 7'17 millihenrys 
= 34-9 henrys 
= 0•468 henry 
= 0-876 

— 2-0 ohms at 13° C. 
= 4 180 ohms at 13° C. 
= 0-222 /xF 


The primary and secondary inductances, and the 
primary condenser capacitance, were measured by an a.c. 
bridge at 1 000 cycles per sec. The mutual inductance 
was measured by a Grassot fluxmeter connected across 
the primary winding for a range of secondary current 
from 1-0 to 10-0 milliamps., which corresponds approxi¬ 
mately to a range of primary current from 0-07 to 
0 - 7 ampei’e, and was found to be substantially constant. 
The maximum divergence from the fhean value of 
0 • 468 henry was 2 per cent, and there was no definite 

22 * 
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increase or decrease with increase of current. It will 
therefore be assumed that the inductances of this short, 
straight-cored coil with an open magnetic circuit are 
constant up to the maximum primary current of 3-1 
amperes. The coil coupling—0 • 876—has been calculated 
from the mean value of the mutual inductance, and the 
bridge values of primary and secondary inductances. 

(10) EFFECT OF VARIATION OF PERIOD OF OPEN 
CIRCUIT UPON GROWTH OF PRIMARY CUR¬ 
RENT AT 400 SPARKS PER SECOND 
Curve A of Fig. 4a shows the primary-current/time 
cur\i"e calculated from the equation 

1 = Jo(l - . . . . (1) 

where Iq = maximum primary current (=3-1 amperes), 
t = period of closed circuit (sec.), L = primary induc¬ 
tance = p-00717 henry, and JR = resistance of primary 
circuit (— 3-71 ohms for a battery e.m.f. of 11 • 5 volts). 


voltage across the distributor gap has been neglected in 
the estimation of primary break currents. The error 
involved is, however, negligible, since the coil voltage 
only exceeded the spark-gap voltage by 300 volts over the 
frequency range 50-400 sparks per sec.. 

The periods necessary for the primary current to . rise 
to 2 • 36 and 2 • 65 amperes respectively with no effect from 
the previous discharge can be calculated from equation 
(1) and are 2*77 and 3-73 millisec. respectively. The 
complete curves are shown in Fig. 4a (curves B and C), 
drawn parallel to curve A from negative periods of 0*69 
and 1 • 65 millisec, respectively. This method neglects 
the small period of 0-01 to 0-1 millisec. during which 
energy is transferred from the secondary to the primary. 

The increase in primary current shown by curves B 
and C represents the effect of the persistence of the spark 
discharge with an open-circuit period of 0-42 millisec. 
The average value of curve B is 1’75 amperes, corre¬ 
sponding to 1-46 amperes during the total period of 


3-0 



Fig. 4a. —Estimated primary-current curves showing effect of variation of period of open circuit: 

based on measured secondary voltages. 


Fig. 2a shows that a maximum secondary voltage of 
14 300 volts is obtained with a primary break current of 
3-1 amperes. Now secondary voltage is proportional to 
primary break current if the inductances and effective 
resistances of the coil are constant over the range of 
current which is being considered. On this assumption 
the primary currents corresponding to the maximum 
voltages shown in Fig. 3c are as follows: Previous gap 
short-circuited (12 200 volts), 2*65 amperes; previous 
gap just-regular sparking (10 900 volts), 2’36 amperes; 
no sparking on previous gap (9 500 volts), 2*06 amperes. 

These values of primary current are plotted in Fig. 4a 
for the measured period of closed circuit, at 400 sparks 
per sec., of 2 • 08 millisec., and it can be seen that the 
value of 2-06 amperes almost coincides with the cal¬ 
culated curve A. This close agreement constitutes a 
check on the primary inductance as measured by the 
a.c. bridge, and it shows that the assumption that the 
inductances and effective resistances of the coil are 
approximately constant up to a primary current of 
3‘1 amperes is justified. It should be noted that the 


2 • 5 millisec. The measured current at 400 sparks per 
sec. with all 12 gaps just regularly sparking was 
1 • 5 amperes, which is within 3 per cent of the calculated 
value. It was verified during the tests that the current 
decreased considerably when the spark-gaps were opened 
so that no sparking occurred, and increased considerably 
when the spark-gaps were closed. The actual values 
of current were not measured. ! 

The current at the instant of make in curve B, which 
represents the energy transferred to the primary circuit 
when all the spark-gaps were set to the limiting voltage 
for regular sparking, is 0'93 ampere. In order to esti¬ 
mate the effect of the variation of the period of open 
circuit upon the growth of primary current, the variation 
of curve B with the period of open circuit must be 
estimated. Now it has been shown that, although the 
spark discharge generally breaks down 0 • 9 millisec. after 
the opening of the contact breaker, the period necessary 
for the complete decay of the energy in the coil system is 
approximately 1 • 4 millisec. Further, it has also been 
shown that the average value of the unidirectional 
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secondary current decays according to a straight-line law 
until the discharge breaks down. Therefore for the 
present purpose it will be assumed that the average 
value of the secondary current follows a straight-line 
law of decay to zero in 1 - 4 millisec. after the opening of 
the contact breaker. Since the make current is propor¬ 
tional to the average value of the secondary cuixent at 
the instant the contact breaker closes, the approximate 
make current, corresponding to a break current of 
2'36 amperes, is given by 


'-m 


0-93 


1-4 - 


1-4 - 0 


•42/ 


where t' is any open-circuit period less than 1 • 4 millisec. 
The apparent period necessary for the current to rise to 



0 0-4 _ 0-8 1-2 T6 

Open-circui-tjperiodjinillisec. 


Fig. 4b. —Estimated variation of closed-circuit period for 
various values of break current: based on measured 
secondary voltages. 

Curve [a)-. I — 0-76 Io 

Curve (i): / = 0-86/n 

Curve (c): / = 0-85/” 

Curve (rf); /=■• 0-6 7„" 

the value can be calculated from equation (1) and the 
complete curve drawn. 

Curves D and E show current/time curves for open- 
circuit periods of 0-1 and 0-84 millisec. respectively. 
Curve D represents the maximum increase which can 
be obtained, taking 0-1 millisec. as the lower limit of 
the period of open circuit, this value being slightly 
greater than the approximate period of 0-078 millisec. 
to the first spark which was deduced from spark-posi¬ 
tion/speed readings, and the value usually assumed. 

The effect of the variation of the period of open circuit 
can be estimated from the variation in the period of 


closed circuit necessary for the primary current to build 
up to 2-36 amperes. The periods for 1-4, 0-84, 0-42, 
and 0-1 millisec. are 2-77, 2-4, 2-08, and 1-77 millisec. 
respectively. Curve (a) of Fig. 4b shows the closed- 
circuit period as a percentage of the calculated period 
of 2-77 millisec. between the open-circuit period limits 
of 0-1 and 1 • 4 millisec., plotted from the above figures. 
This curve applies to a break current which is 76 per cent 
of the maximum current. 

It is apparent that the effect of a given open-circuit 
period will depend upon the ratio of break current to 
maximum current, and curves similar to curve {a) are 
shown for various other values of break current in Fig. 4b. 
The curves are calculated from the following equation, 
which can be deduced from equation (1):— 


tog [Wo - -f^)] 

tog [Wo - -T)] 


where is the calculated period necessary for the current 
to build up to the value occurring at the instant of 
make. The curves show that the period of closed circuit 
is reduced as the break current is reduced in proportion 
to the maximum current. 


(11) APPLICATION OF THE CURVES 

The curves of Fig. 4b can be used to determine the 
diminution of the period of closed circuit necessary to 
produce any given amount of primary energy at break, 
on the assumption that the make current is a fixed pro¬ 
portion of the break current for a given period of open 
circuit. That this assumption is approximately correct 
is shown by the following consideration of the energy in 
the coil system between break and make. 

It has been shown that the secondary voltage is 
approximately proportional to the primary break current. 
Therefore the energy in the coil system at the instant the 
first spark occurs is approximately proportional to the 
initial primary energy, which is proportional to the square 
of the primary break current. The energy lost during 
the capacitance-component period is approximately pro¬ 
portional to the square of the sparking voltage, and there¬ 
fore to the square of the primary break current, since the 
capacitance which discharges is independent of the 
magnitude of the break current. Thus the energy which 
remains in the coil system after the capacitance com¬ 
ponent has ceased is approximately proportional to the 
initial primary energy. This energy takes the form of 
electromagnetic energy in the secondary winding due to 
the oscillation of the inductance component which 
follows the capacitance component. Thus the average 
value of the unidirectional secondary current during 
this first oscillation is approximately proportional to the 
primary break current. Now it has been shown that the 
amount of energy which is re-transferred to the primary 
circuit is approximately independent of secondary loading 
due to normal values of shunted resistance and/or 
capacitance, provided the spark-gap is set at its limiting 
voltage for regular sparking. The actual gap voltage, 
however, varies considerably, and it may be deduced 
that the rate of decay of the discharge current is approxi¬ 
mately independent of gap voltage, and therefore of 
primary break current, provided the gap is set at its 
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Fig. 5A .—Calculated variation of closed-circuit period with primary inductance for various 
values of primary energy. Primary volts — 12. Maximum current = 4 amps. 



Open-circuit period as percentage of total period 


Fig. 5b. —Calculated maximum sparking frequency of 12-volt coil systems for various values 
maximum current. Output, 5 000 volts. Load, 250 + 0-2 MQ. 
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regular sparking limit. Thus the average value of the 
unidirectional secondary current is approximately pro¬ 
portional to the primary break current after a given 
period of open circuit. Since the primary make current 
is proportional to the average value of the secondary 
current at the instant of make, the make current is 
approximately proportional to the break current for a 
given period of open circuit. 

Since the experimental results were obtained on a 
modern coil it is considered that the losses and coupling 
may be taken as representative of modern practice. 
The curves of Fig. 4b, and the performance curves of 
Fig. 2a, will therefore be generally applied to calculate 
the maximum sparking frequency of 12 -volt coil ignition 
systems capable of meeting the Service specification 
requirement of 5 000 volts with 250 /x/xF shunted capaci¬ 
tance plus 0-2 megohm shunted resistance. The fre¬ 
quency will be calculated for various open-circuit periods 
for maximum primary currents of 3-5, 4-0, and 4-6 
amperes. 

Fig. 2 a shows that the output of 5 000 volts is just 
obtained at low speeds, i.e. with a current of 3 -1 amperes, 
corresponding to 0*0345 joule primary energy at the 
instant of break. It is necessary first to determine the 
minimum closed-circuit period during which this amount 
of primary energy can be stored, on the assumption that 
the energy in the coil system has been completely dissi¬ 
pated before the contact breaker closes. The curves of 
Fig. 4 b can then be applied to calculate the actual closed- 
circuit period for any given open-circuit period. 


circuit is given by the equation t = l*256L/i?. When 
this holds, Z//q = 0-7152, and the minimum value of t 
for any given values of W, 1q, and the battery e.m.f. E, 
can be found as follows;— 


fmin. 


1-256 


L 

R 


(4) 


1-256 2W , 

—-— - from equation ( 2 ) 

-ft J 

1-256 2W 


R (0-7152/0)2 
W 


4-91 


4-91 


llR 

W 


( 5 ) 


Equation (5) shows that the minimum period of closed 
circuit for a given amount of primary energy (W) is 
inversely proportional to the maximum power in the 
primary circuit. Thus the minimum period of closed 
circuit of a 12 -volt system is approximately half that of 
a 6 -volt system, since the limiting value of /j, is fixed by 
sparking at the contacts, and is approximately inde¬ 
pendent of E and L provided the primary condenser has 
a suitable value. 

For given values of W, E, and 7^, the minimum closed- 
circuit period can be calculated from equation ( 6 ), and 
the best value of primary inductance from equation ( 4 ). 


(12) CALCULATED MINIMUM PERIOD OF 
CLOSED CIRCUIT 


The primary energy is given by 


W = ILP = 

J{2WIL) • 


( 2 ) 

(3) 


The curves of Fig. 5 a show the variation of the closed- 
circuit pei'iod with primary inductance for various values 
of primary energy, calculated from equation (3) for a 
12-volt system having a maximum cuirent of 4 amperes. 
The minimum value of L is obtained when I — Iq and t 
is infinite, and is given by T = 21 T//q. As L increases, 
t rapidly decreases to its minimum value and then 
increases Slowly with further increase of L. 

The broken straight lines of Fig. 5 a are calculated from 
the equation 




and show the relation between t and L for various values 
of I/Jq. . The points of intersection of the straight lines 
and the curves show values of L and t for given values 
of W and Ifl^. It will be seen that the straight line for 
the case when I/Iq — 0*715 passes through the minima 
of the curves. ^ 

It has been shown by E. A. Watson* that the relation 
between the primary inductance and primary resistance 
for maximum energy-storage in a given period of closed 


* Loc, cit. 


(13) CALCULATED MAXIMUM SPARKING 
FREQUENCY 

Equations (4) and (5) apply to the case when the energy 
in the coil system has been completely dissipated before 
the contact breaker closes, i.e. to open-circuit periods in 
excess of 1*4 millisec. It must now be determined 
whether the condition for the minimum period of closed 
circuit (i = 0*715 /q) holds when the pei'iod of open 
circuit is less than 1 * 4 millisec. The calculation of the 
necessary period of closed circuit for a primary energy of 
0-051F with an open-circuit period of 0*1 millisec. is 
shown in Table 1 for various values of I/Iq. This table 
shows that the condition for the minimum period of 
closed circuit is approximately I — 0*6/q. Further, the 
variation in the actual necessary period of closed circuit 
is less than 3 per cent from I — 0’1151q to I = 0-55 Iq, 
since as the period increases in Fig. 5a the percentage 
given by Fig. 4b decreases. It can be similarly shown 
that the variation is small for any period of open circuit 
between 1*4 and 0-1 millisec., and as the open-circuit 
period decreases the break current for the minimum 
period of closed circuit decreases from I = 0-7157q to 
1 = O- 6 ./ 0 . For an open-circuit period of 0*53 millisec., 
which, as will be shown subsequently, is the period corre¬ 
sponding to the calculated maximum sparking frequency, 
the minimum period of closed circuit is obtained when 
1 = 0 - 65/o approximately. Thus a sufficiently accurate 
estimate of the minimum period of closed circuit can be 
made from equation (5) and curve C of Fig. 4b for the 
case when J = 0*65 Jq. 

Table 2 shows the calculation of the variation of the 
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maximum sparking frequency with, the open-circuit 
period for a 12-volt system having a maximum current of 
4 amperes and the primary energy of 0-0345 joule 
necessary to meet Sendee specification requirements. 

The fourth and fifth columns of the table show the 


equation F = Fq(1 — e-RtfL), which is similar to equa¬ 
tion (1) but with Fq — 14 300 volts. 

The curves of Fig. 5b show that the calculated maxi¬ 
mum sparking frequency increases from 150-190 sparks 
per sec. with a single contact-breaker, to 400-500 


Table 1 


Ilh . = 

0-S5 

0-76 

0-715 

0-65 

0-6 

0-65 

0-5 

Closed-circuit milliseconds (from Fig. 4a) 

5-46 

5-14 

5-12 

6-2 

5-31 

5-51 

6-78 

Percentage (from Fig. 3b) 

69 

64-2 

62-6 

60-2 

58-6 

57-3 

56-1 

Actual closed-circuit milliseconds 

3-77 

3-3 

3-2 

3-14 

3-12 

3-16 

3-24 


sparking frequency on the assumption that the energy 
in the coil system is completely dissipated before the 
contact breaker closes. Comparing frequencies with 
similar open-circuit periods, it will be seen that the 
increase due to the persistence of the spark discharge is 
63 per cent for 0 • 1 millisec. open-circuit period, and 35 per 
cent for 0 • 4 millisec. 

Fig. 6b shows the calculated variation of the maximum 
sparking frequency with the period of open circuit, for 
maximum primary currents of 3 • 5, 4 • 0, and 4 • 5 amperes. 
The open-circuit period is expressed as a percentage of 
the total period, and it is apparent that, with no effect 
due to the persistence of the spark discharge, the fre¬ 
quency is inversely proportional to the open-circuit 
period, becoming zero at 100 per cent. The difference 
between the broken parts of the straight lines and the 
curves, between the limits of 1 • 4 and 0-1 millisec., is the 
increase in sparking frequency due to the persistence of 
the spark discharge. Considering the period of 16-7 per 
cent, which corresponds to 6° for a 12-cylinder engine, 
and is the angle of open circuit in the system employed 
by the author, the increases are approximately 210 to 
260, 240 to 316, and 265 to 366 sparks per sec. These 
may be compared with the increases shown in Fig. 2a, 
by the difference between the rCiaximum-voltage and 


sparks per sec. with a double contact-breaker having 
the limiting open-circuit period of 0 • 1 millisec. 

(14) PRACTICAL LIMIT OF SPARKING FREQUENCY 

The practical limit of sparking frequency can be 
deduced from Fig. 5b if the limiting value of maximum 
current is assumed, and the minimum period of open 
circuit possible for reliable operation is known. 

It has been found that with tungsten contacts the 
break current at normal engine speed should not exceed 
2 - 6-3 - 0 amperes, even if the break is apparently spark¬ 
less at 4-0 amperes with new contacts. Above 2-5-3-0 
amperes oxidation becomes serious, and causes the con¬ 
tact resistance and the tendency to arc to increase. The 
effect is cumulative, and results in a progressive diminu¬ 
tion of performance unless the contacts are frequently 
cleaned. The break current could exceed 3-0 amperes 
with platinum-iridium contacts without serious oxidation 
occurring, but the unidirectional current would tend to 
cause erosion and “ piling-up ” at the contacts, and 
frequent adjustment would be necessary. It is therefore 
considered that the maximum current should not exceed 
4-0 amperes, the break current at maximum and normal 
engine speeds being about 2 • 6 and 3 • 0 amperes 
respectively. 


Table 2 


Open-circuit milliseconds . . . . . . .. .... 

1-4 

0-4 

0-1 

0-4 

0-1 

Percentage (from curve C, Fig. 3b) . . 

100 

71 

60-2 

— 

__ 

Calculated closed-circuit milliseconds [from equation (5)] 

3-52 

3-52 

3-52 

3-52 

3-62 

Actual closed-circuit milliseconds 

3-52 

2-5 

2-12 

3-52 

3-52 

Total period, milliseconds 

4-92 

2-9 

2-22 

3-92 

3-62 

Sparking frequency 

203 

346 

450 

255 

276 

Open circuit period ) 

Total period J 

0-285 

0-138 

0-045 

0-102 

0-0276 


calculated curves, which are approximately 210 to 250, 
240 to 300, and 265 to 360 sparks per sec. The increases 
are lesS' in Fig. 2 a, since the break currents are greater 
than 0-66Jq, but show fairly close agreement with 
Fig. 6b. 

The Calculated curve of F'ig. 2a was obtained from the 


The minimum period of open circuit for reliable opera¬ 
tion is the least period it is possible to use without undue 
risk of one contact breaker closing before the spark due 
to the break of the other has occurred. For a double 
contact-breaker in which the fibre heels are arranged on 
opposite sides of the cam, it is considered that an open- 
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circuit period of 16-7 per cent of the total period is 
the practical minimum. This corresponds to 5° for a 
12-cylinder engine, and is the angle used in the system 
employed by the author. In obtaining this limit, 
allowance is made in a 12-cylinder system for 1° decrease 
in the open-circuit angle of each contact breaker due to 
wear of fibre heel, 1° error in the cam crests, and 1° for 
errors in adjustment, the remaining 1° being the approxi¬ 
mate angle during which the secondary voltage is rising 
to the sparking voltage. Fig. 5b shows that the limiting 
frequency for 4 amperes and 16-7 per cent open-circuit 
period is 316 sparks per sec. The value of the open- 
circuit period is 0-53 millisec. 

The minimum open-circuit period of a double contact- 
breaker in which the fibre heels are mounted on the same 
side of the cam can be reduced to 13-3 per cent of the 
total period, corresponding to 4° on a 12-cylinder engine, 
since the 1 ° error in the cam crests can be neglected. The 
limiting frequency for 13 • 3 per cent is 350 sparks per sec. 
for a maximum current of 4 amperes. A double contact- 
breaker in which the fibre heels are mounted on the same 
side of the cam is not so convenient since the fibre heels 
must be disposed axially and, considering the rocker- 
arm type of contact breaker, the axial length of pivot and 
cam must be increased. 

(15) EFFECT OF COIL DESIGN 

The experimental results from which the curves of 
Fig. 5b have been calculated were obtained on a modern 
coil, and further increase in sparking frequency due to 
reduction of coil losses would be small. The secondary 
inductance of the coil was 34 ■ 9 henrys, and some increase 
in performance at low speeds might be obtained under a 
load of 0-2 megohm by reducing to about 25 heniys. 
At high speeds the increase due to the persistence of the 
spark discharge would presumably be smaller owing to 
a reduction in the duration of the discharge. Thus the 
alteration in the limit of sparking frequency due to 
alteration of secondary inductance would appear to be 
negligible. 

The primary inductance of the coil was 7'17milli- 
henrys. The curves of Fig. 6a, which are drawn for a 
maximum current of 4 amperes, show that the value of 
primary inductance for a break current at maximum 
speed equal to 65 per cent of the maximum current is 
about 10-2 millihenrys. Tins increase in primary in¬ 
ductance would presumably produce a slight increase in 
the high-speed performance owing to an increase in the 
duration of the discharge, but the increase in sparking 
frequency would be small. 

It would appear that the ultimate frequency of 12-volt 
coil systems with double contact-breakers capable of 
meeting Service specification requirements cannot 
greatly exceed 300 sparks per sec., since the curves of 
Fig. 5b assume a contact-breaker efficiency of 100 per 
cent. The broken-line curve of Fig. 2a was obtained by 
increasing the voltage of the curve for 250 ixfxF plus 
0 • 2 megohm in the ratio of 4 to 3 • 1, and thus shows what 
the performance of the system employed for 14-8 volts, 

4 amperes, would be if the contacts could deal with 
4 amperes satisfactorily. The limiting frequency under 
these conditions is 310 sparks per sec., i.e. about equal to 
the calculated ultimate limit for 12 volts. 


(16) EXTERNAL PRIMARY RESISTANCE: EFFECT 
OF ENGINE CONDITIONS 

The limits of sparking frequency shown in Fig. 5b 
have been estimated on the assumption that any external 
primary resistance used to avoid an unduly large coil 
would be of a material having a negligible temperature 
coefficient. The use of a resistance with a high tempera¬ 
ture coefficient is not recommended for a maximum 
power of 48 watts, since, it is considered that this 
resistance would not respond quickly enough to changes 
in engine speed, and excessive current would be experi¬ 
enced, due to a sudden fall in .speed, before the resistance 
heated up. Thus to avoid violent sparking the maximum 
current would have to be reduced below 4 amperes, and 
the gain in the limiting frequency would be small. 

The effect of engine conditions of operation on the 
limits of sparking frequency have not been investigated. 
It is probable, however, that the limiting frequency 
would be slightly lower under engine conditions, owing 
to a slight decrease in the duration of the discharge. 


(17) CONCLUSIONS 

(i) The effect of the persistence of the spark discharge 
is to reduce the closed-circuit period necessary for the 
primary current to build up to a given value. As the 
period of open circuit is decreased the necessary closed- 
circuit period also decreases. 

(ii) The effect is approximately independent of 
secondary loading due to normal values of shunted 
capacitance, and/or resistance, provided the gap is at 
its limiting voltage for regular sparking corresponding to 
the particular load. 

(iii) A low value of shunted resistance, due to a break¬ 
down in sparking-plug insulation, may not diminish the 
intensity of the following spark, but missing on one 
gap due to a high voltage caused by erosion of the 
sparking-plug electrodes may produce missing on as many 
as the three following gaps also. 

(iv) For a given performance, the maximum sparking 
frequency is obtained when the constants of the primary 
circuit are so designed that the break current, at the 
limiting frequency, is approximately 65 per cent of the 
maximum current. 

(v) The estimated increase in sparking frequency due 
to the persistence of the spark discharge, with the break 
current equal to 66 per cent of the maximum current, is 
35 per cent for an open-circuit period of 0 • 4 millisec., and 
63 per cent for 0 * 1 millisec. 

(vi) The ultimate limit for reliable operation of 12-volt 
coil systems with double contact-breakers, capable of 
meeting Service specification requirements, cannot 
greatly exceed 300 sparks per sec. per coil, assuming a 
maximum current of 4 amperes. The corresponding 
limit for a single contact-breaker is 170 sparks per sec. 

The work described in this paper was carried out at 
the Royal Aircraft Establishment, South Farnborough, 
and permission for its publication has been granted by 
the Director of Research, Air Ministry. The author 
desires to express his indebtedness to Dr. G. E. Bairsto, 
in whose Department the work was performed, for advice 
during the course of the investigation. 



DISCUSSION ON 


“THE EFFECTS OF IMPULSE VOLTAGES ON TRANSFORMER 

WINDINGS 


IRISH CENTRE, AT DUBLIN, 26th NOVEMBER, 1936 


Mr. J. C. Costello: The authors mention that the 
subject of end-turn reinforcement is at present being 
investigated for the Electrical Research Association by 
Mr. Perry, and that they have therefore not investigated 
it in the detail warranted by its importance. Neverthe¬ 
less, they have dealt with the question to some extent 
in the paper, and I wish to put forward some theoretical 
analyses of the eSects of such reinforcement. 

Let C, K, and L, be the shunt capacitance, series 
capacitance, and effective inductance per unit length of 
winding (unit length of winding meaning unit number of 
turns and not unit axial length of stack). The distance 
of any point from the neutral is x, and a, b, and I respec¬ 
tively are the distances of ends of the body of winding, 
interrnediate end-turn reinforcement, and extreme end- 
turn reinforcement (end of winding). The symbol a 
(with suffix 0 referring to neutral end and suffixes 1, 2, 3 
to sections of winding) denotes the value of 1\/{CJK) at 
the point indicated by the suffix, i.e. the value which 
■\/{G(ilCs) would have if C and K had, throughout, their 
actual values at the point in question. Finally, e, g, and e, 
denote respectively voltage, voltage gradient, and mean 
inter-turn electric stress, while S denotes inter-turn 
insulation thickness. 

The following physical assumptions are made: (1) L, <7, 
K, and 8, are uniform throughout any section except 
where otherwise stated. (2) K is assumed inversely 
proportional to S. [From (1) and (2) it follows that 
voltage between turns is proportional to g, and mean 
electric stress e is proportional to Kg or g}8']. (3) G is 

assumed to: (i) vary inversely as K, so that CK remains 
constant throughout (in this case a varies as 1/A, i.e. 
directly as S) ; (ii) remain constant throughout (in this 
case a varies as If^K, i.e. as VS)- 

The true condition as regards O probably lies between 
(i) and (ii), but nearer to (i): this is supported by the 
fact that Vi^gfGs) varies little between different uniform 
windings. 

On these assumptions the initial distribution can be 
readily found for a variety of cases. Over any length in 
which C and K are constant the potential is given by 

e = A sinh (ocr/Z) -1- B cosh (ax/Z) 
and the corresponding series current by 

Kap £)e Kolp 

where p is the operator 'b/'dt. The constants for the' 
various sections are obtained from the terminal conditions 

* Paper by Dr. T. E. Allibone and Me.ssrs. D. B. McKenzie .and F. R. 
Perry (see page 117). 


for e and the conditions of continuity of e and i at the 
junctions of the various sections. The results in a few 
cases are given below, with numerical calculations for a 
typical 33-kV transformer reinforced according to B.S.S. 
No. 422—1931 (33 kV is chosen for mathematical 
simplicity and greater likelihood of availability for 
experimental work). For brevity, only the expressions 
for g are written down, and these only for the case of an 
earthed neutral; the expressions for e can be written 
down by inspection, and those for e and g for isolated 
neutral also follow easily. 

Case Aj.—3-section winding, each section uniform, 

= VCCA) - V(CA). 
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For numerical calculation, a;^ =8, ag = 20, ag = 32, 
Sg = 2-6Si, ^3 = = 0-97, 6/Z = 0-99. 

Case Ag.—3-section winding, each section uniform, 
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where 
A = E 
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For numerical calculation, = 8 , ag = 8\/2-5 = 12-65, 
(X 3 = 16, §2 = ^3 — ajl = 0-97, b}l = 0-99. 

Case Ag.—3-section winding, sections 1 and 3 uniform, 
section 2 having 8 uniformly graded from Sj to Sg 
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where 


A = £!/sinh [ZL^ + 

For numerical calculation, = 8 , Zj = 3 [a 3 = 32 ,83 = 4Si], 
all = 0-97, bjl = 0-99. 

Case —^Winding uniformly graded throughout, 

■\/{CK) = constant, Sa; — Sq(I-1-7c.'c/Z) where 7c = ( 8 ^—Sq)/ 8 q. 

where A = i?/sinh ag^l + 

For numerical calculation, = 8 , 7c == 3(a/ = 32). 


Case i? 2 .—^Winding uniformly graded throughout 
J^Sa, = Sq (1 + 7ca;/Z)J, G = constant. 

The simplest formulae for this case take the form of an 
infinite series the convergence of which is unfortunately 
slow for the likely values of the variables. The con¬ 
vergence may be improved by picking out the terms 
representing sinh (XqX/1, when the remaining terms give 
the effect of the increasing insulation thickness. The 
formulae thus simplified are:— 
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where A is determined by the condition that [ e\x=:i ~ E. 
For the numerical calculation cHq — 8, 7c = 3, with which 
values the convergence of the series is found to be too 
slow for accurate computation. 

In Table A the values of the gradients g.^, and the 
inter-turn electric stress ^re given as multiples of the 
average values (/««(= E/l) and It will be apparent 
from these results that the reduction in maximum turn 
stress is at best very small, and in general negligible if, 
as is usual, the additional end-turn insulation consists 
principally of additional thickness of paper having the 
same electric strength as that in the body of the winding. 
A point of some importance which emerges is that the 
effect of increasing the proportion of turns reinforced is 
extremely small. 

With regard to the question of internal oscillations, 
it appears from an approximate preliminary analysis that 
the amplitude of these is increased, as would be expected. 


The frequency is, however, no longer the natural fre¬ 
quency of one unit LCK network, with its harmonics, 
but comprises fundamentals of several frequencies, each 
with its harmonics, giving, in the case of a graded wind¬ 
ing, a doubly infinite system of frequencies. In my 
opinion, however, the harmonics are unlikely to be 
seriously emphasized by non-uniform end reinforcement, 
and the more important feature is that the initial stress 
rises practically as much as the reinforcement increases 
the strength. 

It is apparent, of course, that if the end-turn strength 
could be increased without increasing CfK, i.e. preserving 
the same insulation thickness, the result would be very 
useful, but the permittivity of the stronger insulation 
would require to be approximately the same as that of 
the normal paper and oil, to avoid concentration of 
voltage on ducts, etc. There would appear to be possi¬ 
bilities of utilizing mica, which has a permittivity as low 
as 2*5 in some cases, as compared with 2*0 to 2-6 for 
paper and about the same for oil. 

In conclusion, I suggest that it would be desirable to 
measure the initial voltage distribution on actual wind¬ 
ings with each coil cut, so as to render capacitances alone 
effective, as the theoretical assumptions are somewhat 
far from the real conditions (although it appears from the 
numerical calculations given that considerable variation 
may be made with relatively little effect). 


THE AUTHORS’ REPLY TO THE DISCUSSIONS AT LEEDS, BIRMINGHAM, 

MANCHESTER, BELFAST, AND DUBLIN'^* 


Dr. T. E, Allibone and Mr. D. B. McKenzie {in 

reply): Mr. Atkins has put forward a good alternative 
method of determining the natural frequency and damp¬ 
ing of a winding. Both these factors are of importance; 
but to ascertain the actual voltage to earth at any given 
point, and also the voltage difference between adjacent 
turns and coils, would be a tedious process from the 
information gained by his suggested technique, and the 
direct oscillographic measurement is, we feel, superior. 

With regard to the behaviour of a winding between 
tapping points to which condensers are connected, we 
would first refer Mr. Atkins to our reply to Mr. Stigant 
(see page 172). To pursue the matter further we must 
differentiate between windings without reinforced coils 
and those with one or more reinforced coils. Dealing 
first with the uniform winding, strap or bobbin-wound 
type of coils, reference to Fig. 25(a) will show that at 
coil junctions (4-2 per cent, 8-4 per cent, 12*6 per cent) 
the high-frequency oscillations are not present, i.e. with 
respect to these oscillations coil junctions are voltage 
nodes; and it can be shown that the oscillations are half¬ 
wave oscillations, the middle of the coil oscillating with 
respect to its ends. From this it follows that the natural 
period of oscillation of a coil is not affected by placing a 
condenser across its ends, but the amplitude is changed. 

When, however, a reinforced coil precedes a coil stack 
of normally-insulated coils, matters are greatly changed. 
If the reinforced coil has the same external dimensions 
as the normal coil it will have fewer turns and a higher 
natural frequency of self-oscillation of the half-wave 

* The Leeds, Birmingham, Manchester, and Belfast discussions will be found 
on pages 167 to 171 inclusive, and the Dublin discussion on page 342. 


type. Moreover, at the first coil junction—reinforced 
coil/normal coil—there is no longer a voltage node. 
Violent oscillations are present of a frequency almost 
equal to that observed at one end of the reinforced coil 
supported in free space to which an impulse is applied 
at the other end; these oscillations, similar to those at 
the neutral of an isolated neutral winding, may be con¬ 
veniently referred to as oscillations of the quarter-wave 
type and are obvious in Fig. 25(&). Apparently in a 
stack of uniform coils these quarter-wave oscillations 
cancel one another in adjacent coils, resulting in voltage 
nodes at coil junctions as described above, but in the 
heterogeneous winding they do not. The oscillations 
are then traceable through two or three adjacent normal 
coils until they eventually become negligible. They are 
present in the middle of the reinforced coil, and, in 
addition, the half-wave type oscillations are there in 
small amplitude, as can also be seen in the second 
oscillogram of Fig. 25(6). When condensers are placed 
across coils of a heterogeneous winding all the quarter- 
wave oscillations change their frequency very consider¬ 
ably, and their amplitudes are reduced (to negligible 
magnitude if the added capacitance is large); the half¬ 
wave type oscillations are not changed in frequency and 
their amplitudes are not so greatly reduced. These 
points do not seem to have received attention hitherto, 
but the above is a reason why static end-rings reduce the 
voltages across end-coils more if these coils are reinforced 
than if they are normal coils for which the quarter-wave 
type oscillations do not exist. It would be interesting 
to construct a reinforced coil with added internal 
capacitance of such a magnitude that its natural period 



VOLTAGES ON TRANSFORMER WINDINGS” 


345 


of oscillation would be identical with that of normal coils; 
presumably, then, the quarter-wave oscillations would 
balance those of the normal coils, resulting once more in 
a voltage node at the reinforced-coil/normal-coil junction. 

The above discourse is summarized in Table B. 
Oscillograms already published in the paper demonstrate 
the salient points. 

These oscillations of reinforced coils injected into 
adjacent coils are responsible for the considerable increase 
in voltage appearing across those coils. In the 5 000-turn 
winding described on page 122 the voltage across the 
1st coil and also across the 2nd coil reached 38 per cent 
of the applied impulse; but when the 1st coil was rein¬ 
forced as described on page 137, the voltage across that 
coil fell to 32 per cent, and 51 per cent appeared across 
the 1st normally-insulated coil subsequent to the rein¬ 
forced coil. 


mentioned sparking at the neutral of isolated systems, 
sparkover taking place on bushings of the same size as 
used on the line terminals. It should be noted that 
nearly all star-connected transformers virtually have 
isolated neutrals, because, even on earthed systems, it is 
customary only to connect one of a number of trans¬ 
formers to earth, and if the others are a few miles away 
they behave to surges as though the neutral of the 
.system were isolated. 

Mr. Bailey’s cited example shows that a surge of about 
200 kV appeared at the neutral; we should infer that the 
11-kV line was a very highly insulated line. That these 
high voltages appear at the neutral is proof that wave- 
tails long compared with half the fundamental period of 
oscillation of the transformer arise on lines, thus justify¬ 
ing our use of a 110-microsecond wave-tail, as mentioned 
in our reply to the discussion before The Institution (see 


Table B 

Table of Voltage Wave-Forms appearing near the Line End of Winding for { a ) and (6) 


Locatioa of tap to oscillograph 

(a) Normally-iasiilated coils 

(1) Line end of winding 

Applied impulse 

(2) Centre of 1st coil. . 

Modified impulse -f- |-wave os¬ 
cillations of a coil 

(3) End of 1st coil .. 

Modified impulse: no |-wave or 
|-wave oscillations 

(4) Centre of 2nd coil 

Further modified impulse: prob¬ 
ably -|-wave oscillations of 
smaller amplitude than in (2) 

(5) End of 2nd coil ,. 

Much modified impulse, no 
wave or -|~wave oscillations 

(6) End of 3rd coil . . 

Ditto 


(ft) One reinforced coil followed by normally-insulated coils 


Applied impulse 

Modified impulse -|- -|-wave oscillations of a reinforced 
coil -|- ^-wave oscillations of a reinforced coil 

Modified impulse: no |-wave oscillations of a reinforced 
coil. |-wave oscillations of a reinforced coil, largest 
amplitude 

Further modified impulse -|- |-wave oscillations of a 
normally insulated coil + |-wave oscillations of the 
reinforced coil but of smaller amplitude than in (3) 

Much modified impulse: no |-wave oscillations. ;|-wave 
o.scillations of reinforced coil still apparent but of 
smaller amplitude 

Ditto, but smaller or negligible amplitude of ^-wave 
oscillations of reinforced coil 


If a tapping is taken from each coil to a condenser, it 
is difficult to see how such an arrangement can be inferior 
to the system of distributed capacitors mentioned by 
Mr. E. J. Mackenzie; indeed, it might be greatly superior 
to that system in that the values of the added capaci¬ 
tances are theoretically unlimited, whereas there is a 
finite limit to the capacitances which can be added by 
means of shields. 

We agree with Mr. Mackenzie that the latitude of 30° 
in synchronizing the impulse with the crest of the power- 
frequency voltage is generous; it will doubtless be reduced 
ultimately, unless the verdict of experience is that the 
excitation of the winding is redundant. It is interesting 
to note that whilst the American specification calls for 
a positive impulse to be synchronized with the negative 
crest of the power-frequency wave, the Russian draft 
specification* calls for a negative impulse; this is the 
more logical as lightning strokes are mainly of negative 
polarity. 

Mr. Field will notice that several other contributors 

* A. V. Panopf, G. N. Petroff, and V. A. Karaseff: Elektrichestvo, 1936, 
No. 6, p. 21. . 


page 171).. Mr. Bailey also mentions that breakdowns 
occur within the body of a winding: we think that he is 
correct in ascribing this to higher gradients arising from 
discontinuities, since for simple windings without re¬ 
inforcement or discontinuities the highest gradients 
appear at the beginning of the winding. 

With regard to Mr. Charley’s remarks on Petersen 
coils, it must be remembered that these coils usually 
ha.ve a high surge impedance, so that the connection of a 
coil to the neutral of a stai'-connected winding will not 
appreciably influence the surge voltage appearing at that 
neutral. Sparkover can only be prevented, therefore, by 
some voltage-limiting device being placed across the 
Petersen coil. Of course only a small fraction of all 
surges will have the requisite amplitude and wave-tail to 
result in sparkover occurring at the neutral; for all other 
surges causing single-phase sparkover on the transmis¬ 
sion lines, the Petersen coil will afford the customary 
protection. 

We note Mr. Wilkinson’s remarks with great interest. 
There is one main difference between a transformer and a 
cable; in a transformer of concentric-winding design there 
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is capacitance between the line and neutral terminals, so 
that the disturbance at the line is propagated to the 
neutral with the speed of wave propagation in the dielec¬ 
tric;, whereas in a cable there is no such capacitance and a 
disturbance has to travel along the cable. If the winding 
is of the sandwich type, then the capacitance of the 
line to the neutral would be very greatly reduced, i.e. 
a would be very large and the behaviour analogous to 
that of a cable. 

We agree with Mr. Myers that continuous research on 
model transformers will give the design engineers 
valuable help, but the final proof of the insulation 
strength lies in putting the winding to test: this is the 
basic principle underlying all type tests. We believe 
that the problem of detecting faults under impulse 
tests will resolve itself. Already there are several fairly 
reliable methods available, and with the growth of 
experience one or other of these will become standardized. 
In far older pressure tests there still remains a doubt as 
to whether damage has been done to the insulation 
during the test, so it is not to be wondered that so many 
engineers view the impulse test with suspicion. 

Mr. Thomas’s remarks on the effect of a discontinuity 
are interesting and may be contrasted with Mr. Robin¬ 
son’s views set out on page 169. We pointed out on 
page 137 that the winding was uniform, whereas, when 
tap-changing mechanism has to be introduced, the 
insulation between the free ends of the two halves of the 
winding has to be greatly reinforced for the higher 
power-frequency voltages there encountered. This dimi¬ 
nution of capacitance probably explains Mr. Thomas’s 
experience. 

Mr. G. W. Carter’s oscillograms form an interesting 
supplement to Sections (5) and (6) of the paper. The 
frequency of oscillation in the low-voltage winding shown 
to the right of Fig. H is of course the frequency of oscilla¬ 
tion of the high-voltage winding with the neutral point 
earthed. 

We note Mr, Wellings’s communication with interest; 
the cast-in-concrete t 3 rpe of reactor is, as we also have 
found, very well able to withstand high-voltage surges 
owing to its low capacitance to earth and low value of a. 
We have always understood that so little damage is 
found in voltage transformers that a shielded-ty'pe 
winding is hardly necessary. It is possible to break 
down such transformer windings repeatedly with impulse 
voltages and yet observe no ill-effects at power frequencies 
of twice the service voltage. 

We have already referred to Mr. Norris’s remarks on 
our use of wave-tails twice the length of the average value. 
For our illustrations we have selected records of voltage 
to earth, because these give the clearest picture of the 
passage of a surge through a winding, the dependence 
of this on wave-shape and on transfoi-mer connections. 
We are well aware that breakdowns m.ost frequently 
occur between turns and coils, but Mr. Norris ignores the 
fact that the majority of such breakdowns occur within 
the winding, i.e. away from the end coil or two. Extreme 
wave-front or tail steepness only augments the voltage 
across turns at the end of the transformer, and does not 
affect the voltage across turns in the body of the winding. 
This is why surge absorbers, flattening a g-microsecond 
front to about a 1-microsecond front and a 1-microsecond 


front to about a 1 • 2-microsecond front, as they do if in 
series with line impedance, effect no appreciable reduction 
in the voltages appearing across turns in the body of the 
winding due to long wave-tails. A reduction in the 
value of a, however, affects the voltages throughout 
the whole winding for all wave-shapes. We hold very 
reserved views about admitting the necessity for intro¬ 
ducing wave-front steepness testing, and fail to under¬ 
stand why, so far as end-turn insulation strength is con¬ 
cerned, the present tests* using a wave of 1-microsecond 
front and a vertical tail, chopped by a gap, should not 
suffice. The tail is likely to be steeper than any 
laboratory-produced wave-front, and the wave is easily' 
produced and defined. 

Mr. Hansell has recently put at our disposal a trans¬ 
former and Petersen coil, and we have verified Our 
forecast that the voltage at the neutral is but little 
influenced by the presence or absence of the coil. If 
Petersen coils are to be designed with low insulation level, 
a surge arrester must be connected from the terminal 
to earth. 



Fig. S.—Comparison of maxinfium voltages to earth for 
^/5 and chopped wave. (Waves chopped just after 
the crest give maximum voltages to earth between 
curves A and B.) 

Dr. Miller’s remarks about Fig. 24, curve C, must be 
taken with ours about the ratio of the fundamental 
period to the wave-tail; if this were small, curve C would 
hold for wave-tails of 40 microseconds. Bewley’s remark 
about the reduction in maximum voltage to earth owing 
to a 40-microsecond wave relates to a transformer the 
natural period of which is 100 microseconds; the remark 
must not be taken out of its context. Voltages appearing 
on the limbs of multiphase transsformers depend on 
transformer characteristics and on connections [compare’ 
Fig. 6 with Fig. 27(iii)C, low-voltage, open- or short- 
circuited]. One further point should be noted about the' 
ratio of natural frequency of oscillation to wave-tail 
length, and that is that the natural period of oscillation 
of the high-voltage winding of an isolated neutral trans¬ 
former is enormously influenced by short-circuiting (or 
connecting to cables) the low-voltage winding. This will 
be referred to later. 

* Reference (.38) and others. 
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Plate 2 



Pig, u,_Oscillograms showing the effect of chopping an impulse subsequent to the crest of the applied 

impulse, 

Imtiulse choDDed as the oscillatory voltage at the centre point of the winding attains (a) a minimum value and {b) a maximum value, 
impulse cnoppca as ^ wave was used to eliminate confusion due to the exponential wave-tad. 

(i) Applied impulse. 

(ii) Voltage to earth at S-i! per cent ot winding from line end. 

fiii Voltage across coils 4-2-J.2-5 per cent of winding fromline end , , ,, , i 

(iv) Voltage to earth at SO per cent of winding fromline end. \Noie ;—Oscdlations due to the unchopped 
wave are also given on the left hand record. (See arrow.)] 

(v) Voltage across coils 40-54 per cent of winding from line end. 














DISCUSSION ON “THE EFFECTS OF IMPULSE VOLTAGES” 


347 


Dr. Miller rightly takes exception to our statement that 
a 1^/5 wave approximates to a chopped wave, for he is only 
considering axial stresses at the beginning of the winding; 
reference to our remarks on page 132 will show, however, 
that we were referring to voltage to earth throughout 
the whole of the winding, and, in support of our remarks, 
curve B in Fig. S is the envelope of maximum voltages 
to earth appearing in the winding for a ^-microsecond 
wave chopped on the crest; curve A for a -|/5 wave is 
given for comparison. We agree that a rapid decline of 
voltage will produce larger gradients in the end turns 
than a lower rate of rise of voltage, but that is merely 
illustrating the change which takes place in the initial 
distribution, as shown in Fig. 9, during the first fractions 
of a microsecond, and is explained by the higher ampli¬ 
tude of the higher harmonics produced by a greater rate 
of change of applied voltage. We have not as yet found 
any evidence to suggest that the gradients are appre¬ 
ciably affected after the first few per cent of the winding 
from the line end; although, as mentioned on page 132, 
the gradient of the earthed neutral may reach, in time, 
the gradient at the line end, we have never found that 
to be the case in practice. Figs. K and M show the 
effect of chopped waves in the end turns very beautifully, 
and the various possibilities are analysed in Fig. L. 
Fig. T (see Plate 1, facing page 346) illustrates oscillo- 
graphically the drawings of Fig. L as applied to the 
transformer described in the paper, and Fig. U (see 
Plate 2) extends these to consider chopping after a 
long time-lag. Mr. Lacey (see page 153) suggests that, 
after a long time-lag, the effects of chopping are 
likely to be more serious than after a short time-lag. 
We have found no evidence in support of this view. 
After a long time-lag, oscillations have developed 
throughoixt the winding as shown in Fig. 13(i), and if a 
steep chop is then applied, equivalent to the superposition 
of an impulse of opposite polarity, oscillations of the 
opposite sense are superimposed on those already in 
existence. 

Fig. U records the voltage at various points in the 
winding: (i) at the line end, (ii) at 8-3 per cent from 
the line end, and (iv) at 60 per cent from the line 
end, these three being recorded with respect to earth. 
In addition, the voltage (iii) across the coil (4-2-12-5 
per cent), and (v) across the coil (46-64*2 per cent), 
are, given. Column (a) relates to the wave being 
chopped as the main oscillation attains a maximum 
value, and (fc) as the oscillation reaches a minimum 
value. It will be seen that the voltage to earth never 
exceeds with a late-chopped wave the voltage for an 
unchopped wave; and the voltage across a coil due 
to chopping (a measure of the gradient in a winding) 
never exceeds the voltage due to the wave-front (this is 
true only if the wave-front steepness is as great as the 
wave-tail steepness; we have endeavoured to make them 
identical in Fig. U). The reason for the above is that 
the voltage to earth at the end of the winding at the 
moment of chopping is never as large as the applied 
voltage (for late chopping), so that the oscillations and 
gradients resulting from chopping are never as large as 
those resulting from the wave-front. As the voltage 
across a coil reaches its maximum in a very short time, 
that due to the wave-front is well separated in time from 


that due to the chopped tail of the wave. The situation 
within coils follows along the above general lines. 

The cure applied to the transformer problem referred 
to by Mr. Brown is an illustration of one method of 
eliminating the effects of rapid rate of change of voltage 
in the winding; the winding is to be provided with 
condensers at certain tapping points. We agree with 
Mr. Wilkinson’s views about the time-delay before power 
can be made available at a fault; as Mr. Nuttall remarks 
on page 167, Karaseff has recently analysed this in 
detail. 

In reply to Mr. Nuttall we can state that, though our 
experience is very limited on instrument transformers, 
tests indicate that breakdown between turns of voltage 
transformers is not followed by power arc, and trouble 
is more likely then to follow major insulation failure. 
It is interesting to note that the stethoscope proved to 
be most valuable in the detection of breakdown in 
voltage transformers when other methods such as changes 
in excitation current failed. With regard to current 
transformers, the straight-through t 3 q)e presents no 
special features for comment; an impulse test across the 
major insulation is all that is required. For wound- 
type current transformers the secondary windings should 
be short-circuited and earthed; the high-voltage windings 
may be short-circuited or one may be attached to a 
condenser simulating the total added capacitance of a 
typical load during the impulse test of the major insula¬ 
tion between windings. If the design of current 
transformers is such that the primary windings have 
considerable inductance, suitable voltage-limiting devices 
should be placed across the primary windings. 

In adjusting the wave-shape of an applied impulse it 
is our custom to make the adjustments at voltages well 
below the test or anticipated breakdown voltages. With 
isolated neutral windings the connection of the low- 
voltage winding to a power supply considerably reduces 
the effective inductance of the high-voltage winding and 
it may be that, with the available capacitance of the 
impulse generator, the wave-tail of the impulse applied 
to the winding is shorter than the standard wave. This 
may be remedied by placing high-frequency choke coils 
in each of the low-voltage leads; these do not affect the 
excitation of the winding, but increase the effective 
inductance of the high-voltage winding and so permit of 
a longer wave-tail being applied to the winding. 

We have not yet had an opportunity of repeating 
Karaseff’s experiments, but the results are in line with 
our experience given on page 141 and also with the 
experience of operating and manufacturing engineers 
who state that punctures frequently found are without 
any signs of a power arc having followed the surge 
breakdovm. 

In reply to Mr. Robinson we admit the error in 
our statement that decreases with increasing size 
of transformer: when the core can be no longer in¬ 
creased in height owing to the loading gauge, Og must 
increase with voltage and with kVA. A consequence of 
this error is, however, that the rate of rise of voltage at a 
terminal point of a transformer is less than that given on 
page 119, thus mitigating the severity of surges when they 
reach the winding. The measurements of selected 
capacitances in a winding do not present difficulties, 
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but the selection of the capacitances-to be used for the 
derivation of oc do. Thus if the low-voltage winding is 
short-circuited—connected to long low-impedance cables 
—the ends of the low-voltage winding may be said to be 
at earth potential, but the central region of the low- 
voltage winding is not sensibly at earth potential. The 
component of Cg between the high-voltage winding and 
the core to be used in the calculation of a is something 
between the capacitance of the high-voltage winding 
to the core, and that of the high-voltage winding to 
the low-voltage winding. On page 139 we note an 
increased capacitance for Cg, but it was not as large as 
one expected, pointing to the fact that the low-voltage 
winding could not be assumed to be at earth potential 
over its entire length. We refer Mr. Robinson to our 
reply to Mr. Lacey on page 172 about wave-tail length 
and period of the winding. The actual value of co is 
therefore unimportant in studying the general effects 
of impulses on windings; short-circuiting a low-voltage 
winding can make a large difference to <x>, as already 
explained. The remarks on page 138 refer to the model 
transformer described on page 122. 

We greatly appreciate Mr. Robinson’s contribution 
relating to end-turn gradients, and we recognize that 
these extreme cases can only be investigated by inter¬ 
coil oscillograms, the method of differences being 
inaccurate. An answer to his remarks about gradients 
due to voltage collapse will be found in an earlier part 
of our reply. Curves for gradients within the winding 
are almost identical for a 1/100 wave, a 1/13 wave, and a 
wave chopped on the crest except in the first coil. In 
reply to Mr. Robinson’s remarks about the surge absorber, 
we suggest—in the absence of further information relating 
to the experiments described—that between the impulse 
generator and the absorber/transformer combination a 
resistance of a few hundred ohms was placed: if it had 
not been so, we should expect oscillations in Fig. Q 
(applied wave) due to the discharge of the generator 
capacitance into the transformer capacitance; whereas 
we observe that the circuit was aperiodic. Granted a 
resistance of, say, 300 ohms, this in combination with a 
capacitance of O'0005 to 0-005 juF (the approximate 
capacitance to earth of oil-immersed or solid-insulation 
surge absorbers respectively) would obviously slope a 
steep front or a steep chopped tail to about 1-2 micro¬ 
seconds, as shown in the second record of Fig. Q. The 
same argument applies to Fig. R, and the facts are easily 
demonstrated with any transformer and a 0-001-|uF 
condenser connected between the line terminal and 
earth. But this proves nothing about the protective 
value of absorbers to surges applied through negligible 
series impedance directly to an absorber/transformer 
combination. If the resistance between generator and 
absorber is, say, 30 ohms, the rate of rise is scarcely 
affected by the absorber, as we have shown with a 
surge absorber and the transformer on which most of 
the work described in the paper was done. The induc¬ 
tance in the absorber is so small that it offers negligible 
impedance to a wave-front of a fraction of a microsecond, 
and for such a wave chopped on the rising wave-front 
we have shown that the protective value of the absorber 
is nil; indeed, we found an increase in voltage at the 
transformer terminal and across the first 1 per cent of 


the winding. A similar result (taken for a steep-fronted 
wave and long wave-tail) is quoted by Palueff and 
Hagenguth’" and we have verified the accuracy of their 
measurements. 

In reply to Mr. Partridge’s query, we ascertained that 
a 33-kV surge with a |-microsecond front applied to a 
gas protector (the d.c. breakdown of which was 360 volts) 
was held down to 1 • 6 kV with a time of breakdown of 
0 • 1 microsecond, but as there are so many gas protectors 
on the market we are afraid that the above isolated 
statement will not be of much assistance. 

We are unable to answer Dr. Gillies’s first question. 
We find extraordinarily accurate agreement between 
records taken with the recurrent surge oscillograph and 
with the high-voltage oscillograph; indeed, as yet we 
have found no disagreement. We would refer Mr. 



Fig. V 

A, B. Maximum voltages to earth for normal and rein¬ 
forced windings. 

A', B'. Voltages across 4 per cent of winding for normal 
and reinforced windings. 

Note.— One reinforced coil only Was placed at the line end of the winding. 

McCandless to the curve of fatigue of oil-immersed press- 
board insulation under impulse voltages quoted in our 
1935 paper,t and we have reason to believe that most 
of the solid dielectric used in transformers has a similar 
fatigue curve. Ten impulses should produce negligible 
fatigue. We have already referred to the Petersen coil 
and its effect, and we agree that the most desirable 
solution is to reduce the arcing horns on incoming lines 
to values considerably (30 per cent) lower than they are 
at present. Experience in Great Britain shows that such 
a decrease would not result in an increased number of 
outages; with Petersen-coil protection there would 
probably be no outages, as multiphase faults are not 
common. Unfortunately, we have no statistics of value 
to give Mr. Cunliffe on the relative frequency of break¬ 
down at different parts of a winding, but we know that 
breakdown at the extreme end of the winding is not the 
commonest form of breakdown. 

♦ Transactions of the American I.E.E., 193,'5, vol. 52, p. as^l. 
t Page 479 of Reference (38). 
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/ We greatly appreciate Mr. Costello’s valuable con¬ 
tribution to the study of reinforced end-turn insulation. 
The analysis is confined to the initial voltage distribution, 
which, as we have already pointed out, presents some 
difficulty in measurement. It is also apparently con¬ 
fined to strap-wound coils, since 8 (the inter-turn insula¬ 
tion thickness) is assumed to be uniform throughout any 
section, a condition not fulfilled with bobbin-wound coils. 
The conclusions are, however, of great importance and 
deserve careful comparison with experimental results— 
a comparison which we regret we are unable to make at 
the present juncture. Mr. Costello’s remarks on the 
natural frequency of internal oscillations of a reinforced 
section agree with what we have quoted earlier in our 
reply, but he does not appear to have predicted the 
injection of these frequencies into normally-insulated 
coils, nor to have predicted the quarter-wave type of 
oscillation present at the junction of the reinforced 
coil and the ordinary coil. As far as we have been able 


to analyse our results, it appears to us that these oscilla¬ 
tions are far more serious than the voltages within 
reinforced coils. We are certain that the voltages within 
reinforced coils (of the same general physical dimensions, 
and therefore of fewer turns than normal coils) are seldom 
in excess of, and are generally smaller than, the voltages in 
normal coils; and we find that the voltages measured in 
normal coils adjacent to reinforced coils are greater than 
those in the same coils preceded by normally-insulated 
coils. Fig. V is typical of many curves obtained for the 
maximum voltage measured across a coil (a) throughout 
a winding uniformly insulated, and (fc) throughout a 
winding with reinforced end-turn insulation. 

In conclusion we should like to take this opportunity 
of thanking Mr. G. J. Scoles, B.Sc.(Eng.), and Mr. G. H. 
Webster, B.Eng., Graduates, for their valuable assistance 
in the preparation of this reply since one of us (Mr. 
McKenzie) left the staff of the Metropolitan-Vickers 
Research Department. 
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COOPERS HILL WAR MEMORIAL PRIZE AND 

MEDAL 

The triennial award of the above Prize and Medal falls 
this year to the I.E.E. Council, who have decided to 
invite eligible members to submit for consideration a 
paper on any subject coming within the scope of electrical 
science or electrical engineering and their applications. 
Papers submitted must be specially written for the 
purpose of the competition and must reach the Secretary 
of The Institution not later than the 1st October, 1937. 
Only Corporate Members who were under 35 years of age 
on the 1st January, 1937, are eligible. 

Full particulars will shortly be circulated to all 
Corporate Members. 

SCHOLARSHIPS 

, The Secretary desires to draw the attention of members 
to the following Institution Scholarships:— 

Duddell Scholarship (value £150 per annum for 3years). 

Open to British subjects under 19 years of age on the 
1st July who have passed a matriculation or equivalent 
examination, and who desire to take up a whole-time 
day course in electrical engineering. 

Ferranti Scholarship (value £250 per annum for 2 years). 

For whole-time research or post-graduate work. Open 
to British subjects under 26 years of age on the 1st July, 
who have been Students or Graduates of The Institution 
for at least 2 years and have taken either (a) a whole¬ 
time course in electrical engineering of at least 3 years 
and obtained a degree or diploma; or (b) a whole-time 
course in science of at least 3 years and obtained an 


honours degree, provided that in the final examination 
for such degree they have passed in “ Physics,” or 
” Electro-Chemistry,” or ‘‘ Electro-Metallurgy.” 

Swan Memorial Scholarship (value £120 for 1 year). 

The conditions are similar to those for the Ferranti 
Scholarship, except that the age limit is 27 years on the 
1st July and that candidates need not be members of 
The Institution. Preference will be given to candidates 
who were born in the County Borough of Sunderland, 
or resided there for at least 7 years, or were educated at 
Sunderland Technical College. 

Silvanus Thompson Scholarship (value £100 per 
annum, plus tuition fees, for 2 years). 

Open to British subjects who have served a minimum 
apprenticeship (or its equivalent) of 3 years at an 
approved works and are under 22 years of age on the 
1st July, and who desire to take up a whole-time day 
course in electrical engineering. 

William Beedie Esson Scholarship (value £120 per 
annum, tenable for 2 years, renewable in approved 
cases for a third year). 

Open to British subjects who have served a rninimum 
apprenticeship (or its equivalent) of 3 years at an 
approved works and are under 22 years of age on the 
1st July, and who desire to take up a whole-time day 
course in electrical engineering. 

The closing date for receiving nominations for this 
year’s awards of Scholarships is the 15th April. Any 
member desirous of obtaining more detailed information 
should apply to the Secretary. 
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INFORMAL MEETINGS 
193rd Informal Meeting (26th October, 1936) 

Chairman: Mr. H. T. Young (President). 

Subject of Discussion: “ Electrical Installations— 
Adequacy and Safety ” (introduced by Mr. H. T. Young). 

Speakers: Messrs. A. Morgan, F. G. Tyack, F. C. 
Raphael, E. Jacobi, W. Lunn, F. Jackson, W. F. Floyd, 
B.Sc., R. E. Robson, P. Honey, H. Bright. M.A.. E. S. 
Ritter, C. R. H. Stewart, S. C. Bartholomew, M.B.E. 
W. E. Wicks, H. E. Knight, J. H. S. Gillingham, B.Sc., 
(Eng.), E. H. Berry, and E. G. Francis. 

194th Informal Meeting (9th November, 1936) 

Chairman: Mr. S. C. Bartholomew, M.B.E. 

Subject of Discussion: “ The Relative Costs of Electri¬ 
fication of Rural and Urban Areas " (introduced by Mr. 
J. A. Sumner). 

Speakers: Messrs. A. Morgan, F. Jervis Smith, H. 
Bright, M.A., J. M. Kennedy, O.B.E., A. N. D. Kerr, 
A. H. C. Frost, L. M. Jockel, P. P. Wheelwright, P. B. 
Frost, J. D. Dennison, F. E. Wallcroft, and S. C. 
Bartholomew, M.B.E. 

195th Informal Meeting (23rd November, 1936) 
Chairman: Mr. H.. Brierley. 

Subject of Discussion: “ Electric Vehicles—Some Tech¬ 
nical Aspects " (introduced by Mr. L. Murphy). 

Speakers:M&s,svs>. W. E. Warrilow, A. Morgan, F. Jervis 
Smith, H. Bright. M.A., J. H. S. Gillingham, B.Sc.(Eng.). 
G. F. Bedford, B.Sc., P. P. Wheelwright, C. P. Fox, J. M. 
Kennedy, O.B.E., C. W. Marshall. B.Sc., S. C. Bartholo¬ 
mew, M.B.E., A. L. Trundle, and W. J. Lloyd. 

196th Informal Meeting (7th December, 1936) 
Chairman: Mr. A. F. W. Richards. 

Subject of Discussion: " Should the I.E.E. Wiring 
Regulations be applied to Installations of Thirty Years 
Ago? ” (introduced by Mr. R. Grierson). 

Speakers: Messrs. W. R. Rawlings, S. W. Melsom, P. J. 
Higgs, E. E. Hutchings, F. Jackson, D. St. A. Butcher, 
A. S. Clarke, M. J. W. Bullard, F. L. Veale, W. Lang, 
G. Waters, A. Morgan, A. J. Smith, G. Davidson, W. S. 
Shall, E. T. Batchelor, H. C. Cooper, F. Jervis Smith, 
and A. F. W. Richards. 

197th Informal Meeting (2 1st December, 1936) 
Chairman: Mr. A. F. Harmer. 

Subject of Discussion: “ The Maintenance and Con¬ 
ditioning of Electric Cookers ” (introduced by Lieut.- 
Col. H. W. Watts). 

Speakers: Messrs. A. N. East, C. W. Hughes, J. J. 
McKenna, G. H. Fowler, D. St. A. Butcher, F. Jervis 
Smith, P. P. Wheelwright, Miss B. Samuel, Miss H. 
Menoprio, Messrs. D. G. W. Ackworth, A. C. H. Frost, 
W. A. Ritchie, —-. Percival, J. R. Kinnersley, and A. F. 
ITarmer. 

198th Informal Meeting (11th January, 1937) 
Chairman: Mr. Forbes Jackson. 

Subject of Discussion: " Emergency Lighting Sys¬ 
tems ” (introduced by Mr. E. Ridley, M.B.E.). 


Speakers: Messrs. J. V. Gil, L. P. Caley, B.Sc.(Eng.), 
F. Jackson, J. Rose, G. Waters, B.Sc.(Eng.), E. J. Reed, 
F. G. Sawyer, H. J. W. Bullard, S. H. Chase, S. J. M. 
Beale, J. H. Leverton, B.Sc.(Eng.), A. Morgan, M. G. 
Foster, A. F. Hutchen, and E. R. Sanderson. 

199th Informal Meeting (26th January, 1937) 
Chairman: Mr. N. R. Rice. 

Subject of Discussion: ” Industrial Temperature Con¬ 
trol ” (introduced by Mr. D. B. Williamson, B.Sc.). 

Speakers: Messrs. A. J. Bousfield, A. B. Stevenson, 
B.Sc., H. D. Barlow, G. L. Woolnough, B.E., R. W. 
Griffen, B.Sc., A. Morgan, C. G. Westerhaut, and 
F. Jervis Smith. 

200th Informal Meeting (15th February, 1937) 
Chairman: Mr. F. Jervis Smith. 

Subject of Discussion: “ The Value of the Development 
of the Lighting Load ” (introduced by Mr. H. H. 
Long). 

Speakers: Messrs. A. Morgan, P. P. Wheelwright, A. 
Cunnington, J. B. Harris, D. St. A. Butcher, A. F. W. 
Richards, S. C. Bartholomew, M.B.E., E. W. Murray, R. 
Grigg, A. G. Kemsley, M. Whitgift, and F. Jervis Smith. 


PROCEEDINGS OF THE WIRELESS SECTION 

131st Meeting of the Wireless Section, 

18th November, 1936 

Mr. R. A. Watson Watt, B.Sc.(Eng.), the retiring 
Chairman of the Section, took the chair at 6 p.m. 

The minutes of the meeting held on the 6th May, 1936, 
were taken as read and were confirmed and signed. 

Mr. Watson Watt announced the Council's award of 
Premiums (see vol. 78, page 726) for papers read before 
the Section during the session 1936-36. He then vacated 
the chair, which was taken by the new Chairman, Dr. E. 
Mallett. 

A vote of thanks to Mr. Watson Watt for his services 
as Chairman during the session 1936-36, proposed by 
Mr. A. J. Gill, B.Sc.(Eng.), and seconded by Mr. F. S. 
Barton, M.A., B.Sc., was carried with acclamation. 

Dr. Mallett then delivered his Inaugural Address (see 
page 174). • 

A vote of thanks to the Chairman for his Address, 
proposed by Mr. Watson Watt, was carried with 
acclamation. 

8th Informal Meeting of the Wireless Section', 
24th November, 1936 

Dr. E. Mallett, Chairman of the Section, took the 
chair at 6.30 p.m. 

The minutes' of the Informal Meeting held on the 
24th March, 1936, were taken as read and were con¬ 
firmed and signed. 

A discussion, opened by Mr. H. B. Swift, took place 
on "The Scope of the Amateur in the Development of 
Radio Engineering,” and at its conclusion a vote of 
fEariVs was accorded to Mr. Swift for his introductory 
remarks. 
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132nd Meeting of the Wireless Section, 

2nd December, 1936 

Dr. E. Mallett, Chairman of the Section, took the 
chair at 6 p.m. 

The minutes of the meeting held on the 18th November, 
1936, were taken as read and were confirmed and signed. 

A paper by Messrs. M. Benjamin, B.Sc., Ph.D., C. W. 
Cosgrave, B.Sc., Associate Member, and G. W. Warren, 
B.Sc., entitled "Modern Receiving Valves: Design and 
Manufacture,” was read and discussed. 

A vote of thanks to the authors, moved by the Chair¬ 
man, was carried with acclamation. 

133rd Meeting of the Wireless Section, 

6th January, 1937 

Mr. E. B. Moullin, M.A., took the chair at 6 p.m. 

The minutes of the meeting held on the 2nd December, 
1936, were taken as read and were confirmed and signed. 

The following papers (presented by Mr. J. A. Ratclifie; 
M.A., on behalf of the authors) were read and discussed:— 

" Control of Wireless Signal Variations,” by Messrs. 
A. L. Green, M.Sc., Ph.D., Associate Member, and 
G. Builder, Ph.D. 

“ Control of Phase Fading in Long-Distance Radio 
Communication,” by Messrs. A. L. Green, M.Sc., 
Ph.D., Associate Member, and O. O. Pulley, B E 
Ph.D. 

A vote of thanks to the authors, and to Mr. Ratcliffe 
for presenting the papers, was moved by the Chairman, 
and was carried with acclamation. 


Associates 

Brewin, Frederick John, Lamb, James Ernest. 

Bullard, John. Radford, Hector Macleod. 

Fowler, Edward Albert. Vaughan, Geoffrey Victor. 
Harris, David Jonathan. 

Graduates 


Brabant, Raymond Robert 
Brazel, Edmund Hamilton. 
Cameron, Robert Glen- 
dinning. 

Carlyle, Ronald Stuart. 
Cattle, Edward Arthur. 
Cooper, Raymond. 

Forbes, Ian Stuart, B.Sc. 
(Eng.). 

Freeman, Edward Reykers, 
B.A. 

Gunton, Richard, B.Sc. 
Hammond, John Gilham, 
B.Sc. 

Ward, Kenneth 


MacCallum, John Kelly, 
B.Sc. 

MacKenzie, George, B.Sc. 
Moore, Sydney. 

Morgan, Edward, B.Sc. 
Morris, David Gwil 3 mi O. 
Morris, Harry. 

Newland, Robert Charles. 
Penfold, Thomas Bernard 
D., B.A. 

Reardon, John. 

Sloane, Robert Wood, 
B.Sc., M.A., Ph.D. 
Smith, Thomas Joseph. 
Martin, B.A. 


Transfers 

Associate Member to Member 
Say, Maurice George, Ph.D., M.Sc. 


Associate to Associate Member 
Bulman, Christopher Jeffs, Arthur Joseph. 

Howard. Logan, Joseph Ambrose. 


9th Informal Meeting of the Wireless Section, 
26th January, 1937 

Dr, E. Mallett, Chairman of the Section, took the 
chair at 6.30 p.m. 

The minutes of the Informal Meeting held on the 
24th November, 1936, were taken as read and were 
confirmed and signed. 

A discussion, opened by Mr. A. H. Cooper, took 
place on "What Performance is desirable in Broad¬ 
cast Receivers, with special reference to Automatic 
Devices.” 

At the conclusion of the discussion a vote of thanks 
was accorded to Mr. Cooper for his introductory 
remarks. 


Graduate to Associate Member 


Advani, Motiram Hot- 
chand. 

Ashby, Donald, B.Sc. 
Bhatia, Hans Raj. 

Bray, Victor Henry. 

Brigg, Stanley, 
de Bruyn, W. 
de Villiers, John Henry P. 
Elphick, Jonathan Frank. 
Forrest, John Samuel, 
M.A., B.Sc. 

Goddard, Maurice Wilfred. 
Hallawell, Austin Morris, 
B.Sc. 


Hockmeyer, Ian Otto, 
B.Sc.Tech. 

Jamieson, Douglas. 
McCabe, Ernest. 

Park, Robert Thomas. 
Parker, Frank Dewar. 
Raine, John Clitheroe. 
Rossler, Albert. 

Strawson, Thomas Russell. 
Taylour, Henry Horatio, 
M.Sc.(Eng.). 

Turner, John Hill. 
Vallance, Derwent Brid- 
son. 


ELECTIONS AND TRANSFERS Student to Associate 

At the Ordinary Meeting held on the 11th February, B^^tcher, Fred. Eric. Ungoed, William Powell C. 

1937, the following elections and transfers were effected:— -- 


Elections 

Associate Members 


Deacon, Allan Stanley. 
Golde, Rudolph Heinrich, 
Dipl. Ing. 

Irving, Stanley Carrick, 
McCombe, John, Ph.D. 


Roberts,Philip Barker,B. A. 
Roy, Sadhan Chandra, 
B.Sc. 

Wilkins, William Ernest, 
B.Sc. (Eng.). 


Companion 

Seshasayee, Vadamalai. 


At the Ordinary Meeting held on the 25th February, 
1937, the following elections and transfers were 
effected:—■ 

Elections 

A ssociate Members 

Bazalgette, Harry Lautour. Peierls, Alfred Fleinrich, 
Coode-Adams, Wil liam Roy Dipl. Ing. 

C., M.A., M.Sc., Ph.D. Sargeant, Lawrence Krall. 
Palk, Edward. Stern, Walter, Dr. Ing. 

Paterson, Donald Rose, 

Capt., R.Signals, M.A. 
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Assoctaies 


Ashton, Norman. 

Britton, Charlie Alistair, 
B.Eng. 

Hales-Downing, Charles 
Henry. 

Horner, Francis Henry. 


Prowse, John Albert. 
Rnssell, Benjamin John. 
Schuepp, Reginald Hermes. 
Wolverson, Frederick 
Arthur. 


Graduates 


Allardice, David Ruther¬ 
ford. 

Alleway, Charles Edward. 
Aucott, Bernard. 

Beard, Harold Jenner, B.A. 
Biswas, Sudhindra Nara- 
yan. 

Brocldehurst, Sydney 
George. 

Butler, Albert Edward. 
Clarke, George Green. 
Connor, Raymond Arthur 

W. 

Cook, Joseph Stanley. 
Corbyn, David Benjamin, 
B.Sc.(Eng.). 

Davies, Reginald John. 
Edwards, Arthur William 
J., Dipl.Ing. 

Glover, Gerard Joseph. 
Goodwin, William. 

Gurney, William Albert J. 
Hewitson, Harry Bleamire. 
Leech, Percy, B.Sc. 


Lewis, William Gwynfor. 
Livesey-Farr, Alan. 

Lobo, Herculano. 
Mcllwaine, William. 
Martin, Ronald Cyril, B.Sc. 
Page, Frederick William. 
Postle, Sydney Alfred. 
Reid, Herbert Raymond. 
Richardson, Frank. 
Russell-Stracey, Patrick. 

Henry A. 

Sharp, Duncan. 

Shave, Alan.Edward. 
Sheppard, Cyril Edward. 
Stephens, Wdliam Denis. 
Thompson, Wilfred. 
Tissington, Richard Syd¬ 
ney, B.Sc. 

Truefitt, Edward Samuel 

V. 

Vuille; Bernard Andre. 
Waldram, Alfred Henry T. 
Willcocks, Harold Richard 

W. 


Students 


Agnew, William Poole. 
Bayes, Geoffrey Santon. 
Burdis, Frederick Horace. 
Chambers, George Stanley 

M. 

Charles, Robert Frederick. 
Colby, William Henry. 
FitzGerald, Gerald. 


Johnston, James Howard. 
Jones, C}^'!! Victor. 
Lamping, Charles Thomas. 
Smith, Dennis. 

Smith, Peter Geoffrey. 
Upson, George Harold. 
Wincott, Leslie Moreland. 


Transfers 

Associate Member to Member 


Alvey, George Burton. 
Davis, Basil Montefiore J. 
Dean, Rennie. 

Fowles, Samuel Henry. 
Gee, Colin Brooke, B.Sc. 
Tech. 


Goodlet, Brian Laidlaw, 
B.A. 

Jones, Reginald Hugh, 
M.Sc. 

Thorpe, Donal Winton. 
Vanneck, Richard Grant. 


Associate to Associate Member 


Henwood, Henry James. Love, Henry. 


Graduate to Associate Member 


Ashworth, Harry Clifford. 
Bolt, Frederick Denis, 
B.Sc.(Eng.). 

Brunt, Basil Percival. 
Burgess, Raymond Ernest 
J., B.Eng. 


Connon, Edwin William, 
B.Sc.(Eng.), B.Eng. 
Cowlishaw, Alwyn. 

Crook, Wilfrid Evelyn. 
Crookes, William Ray¬ 
mond. 


Graduate to Associate Member —continued 


Dunn, Roland Harris, B.Sc. 
Glover, Alban Joseph, 
B.Eng. 

Gray, George William. 
Haigh, Roland William. 
Hancock, Jeffrey. 

Hodges, Lawrence Wilfred. 
Jagger, John Greenwood. 

M.A., M.Sc. 

Kemp, James, B.Sc. 
McGregor, Archibald An¬ 
drew D., B.E., B.Sc. 
Marsh, John Henry. 

Mitry, Wadie, M.Eng. 


Murray, Robert Whyte. 
Pienne, Adolphe Charles G, 
Robinson, James Edwin L., 
M.Sc. 

Rousell, Sydney Michael E. 
Sageman, Walter John. 
Sloan, George Stephen, 
B.E. 

Small, Frank. 

Sumner, Walter. 

Taylor, John Alfred. 
Tucker, Henry Valon. 
Wafa, Elsayed Ha.ssan, 
B.Sc. 


Student to Associate Member. 
Mallinson, William David, B.Sc.(Eng.). 


The following transfers were effected by the Council 
at their meeting held on the 11th Febiuary, 1937:-— 

Student to Graduate 


Anderson, Ronald George. 
Baume, Harold. 

Beadle, David Gilbert. 
Bell, Maurice. 

Bostock, Edward Thomas, 
B.Eng. 

Bryer, Robert Frank, B.Sc. 
Carmichael, Ian. 

Coysh, James William. 
Hawkins, Hubert John. 
James, Arthur Jack T. 
Jephcott, Cyril Rees. 

Last, Francis Herbert. 
Mole, John Henry, B.Sc. 


Morison, John William. 
Onder, Abdul Kerim. 
Osborn, Cyril Francis. 
Pendleton, Leslie. 
Ramamurphy, Subramania 
Ayyab, B.E. 

Reed, Walter Howard. 
Rowe, Arthur Cyril, B.Sc. 
Shreeve, Alfred George. 
Stephenson, Ernest. 

Wallis, Alan Mackenzie, 
B.Sc.(Eng.). 

Whitaker, Evald Mattie- 
vich, B.Sc. 


The following transfers were also effected by the 
Council at their meeting held on the 25th February, 
1937:— 

Student to Graduate 

’v 

Mackenzie, Thomas Her- 


Allen, Henry William S. 
Bahns, Harold Watts, B.Sc. 
(Eng.). 

Baker, Thomas Buffer. 
Bell, William. 

Benzie, Athol Emslie, B.Sc. 
(Eng.), 

Brighton, Allan Norman, 
B.Sc. 

Bruce, Robert, M.Sc. 
Cherrington, Kenneth Ed¬ 
ward. 

Cowan, James Macmillan, 
B.Sc. 

Desmarais, Roland, B.Sc. 
Hill, Clifford Arthur R. 
Hoclcmeyer, Geoffrey Bry¬ 
an, B.Sc.(Eng.). 

Hunter, Alexander, B.Sc. 

(Eng-). 


bert, B.Sc. 

Marriott, Thomas William, 
B.Sc. 

Mason, Thomas Hedley. 
Meek, John Millar. 
Morgan, Reginald Ian,B.Sc. 
Mulholland, Edward Ber¬ 
nard, B.Sc.(Eng.). 
Shearer, j ames Brian, B.Sc. 
Smith, Alfred Stanley. 
Smith, Philip Edward. 
Taylor, John Leslie. 
Thomas, Ivor Lewis, B.Sc. 
(Eng.). 

Volum, William Gordon. 
Watson, Thomas Henry. 
Wells, Frank Herbert, 
B.Sc.(Eng.). 

Withington, Harry. 
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W*-Sir; 
* . 'f-Ji. 




STILL 

THE POSITIVE 
ASSURANCE OF 
SAFETY AND 
SATISFACTION 
IN EVERY PHASE 
. OF SERVICE . 


CM.A. Regd. Trade Mark Nos. 422219-20-21 
NONAZO Regd. Trade Mark No. 45886S 


The new standards 
are described in a 
Booklet issued by the 
C.N\.A. which can be 
obtained Free on 
application to the 
address below. 


Cotturight: 

Colonel Sir 
Tltontcrs P, Piirves 
Pyclu.sive r.iceiisoe.s’ 
.Members of the C.M..‘\ 


Members of the 


The Anchor Cable Co. Ltd. 

British Insulated Cables Ltd. 

Callender’s Cable & Construction 

Co. Ltd. 

The Craigpark Electric Cable Co. 

Ltd. 

The Enfield Cable Works Ltd. 
Edison Swan Cables Ltd. 

W. T, Glover & Co. Ltd. 
Greengate & Irwell Rubber Co. Ltd. 

W. T. Henley’s Telegraph Works 

Co. Ltd. 

The India Rubber, Gutta-Percha & 
Telegraph Works Co. Ltd. 
(The Silvertown Co.) 

Johnson & Phillips Ltd. 

Liverpool Electric Cable Co. Ltd. 

The London Electric Wire Co. 

and Smiths Ltd. 
The Macintosh Cable Co. Ltd. 

Pirelli-General Cable Works Ltd. 

(General Electric Co. Ltd.) 

St. Helens Cable & Rubber Co. Ltd. 

Siemens Brothers & Co. Ltd. 

(Siemens Electric Lamps & 
Supplies Ltd.) 

Standard Telephones & Cables Ltd. 
Union Cable Co. Ltd. 


Advt. of the Cable Makers Association, Sardinia House, Sardinia Street, London, W.C,2. *Phone: HoJborn 4976 
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trouble~free service to nearlys ,000 users. 

One of our condensers is saving the owner of a large industrial plant ^^734 pst annum. The cost of our 
condenser to do this—his “capital expenditure”—was £69S> 

The annual consumption was 33550^370 units at .55 pence per unit. This was subject to a i per cent, discount 
for each i per cent. kVA load factor up to a maximum of 5 per cent. His annual account was £5^69$ 7s. 9d.j but 
now his discount has been increased from 30 per cent to 42 per cent. This means a saving to him of £9j6 a year 
—or 140 per cent, on his capital. 





DUBlIlER CONDENSER CO. (1925) LTD. : DUCON WORKS, VICTORIA ROAD. NORTH ACTON. W.3 


C. R, Cassw P.F.8\ 
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" NEOPHONE” 

OPERATOR'S 

TELEPHONE 


The Neophone high-efficiency Operator's Telephone, 
incorporating the same basic principles which 
have proved so successful in the Neophone 
subscriber’s telephone, was first, intro¬ 
duced in 1933. Since then its ever 
increasing popularity is clearly 
indicated by the sales. 


IN 1933 we sold 214 

" 1934 ■■ .. 714 

•’ 1935 '■ " 5,611 

■' 1936 " 41,625 



Standardised by the 

BRITISH POST OFFICE 
and adopted by 

.many important overseas Telephone Administrations 
including Australia, New Zealand, South Africa, 
India, Canada, Egypt, etc. 


SIEMENS BROTHERS & CO., LIMITED, 

WOOLWICH, LONDON, S.E.18, 
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EMERGENCY 

LIGHTING 

EQUIPMENT 

Jli Low first cost—Low maintenance cost. 


Occupies 40% less space than other types. 

Incorporates NIFE Steel Plate Alkaline 
Battery. 

Trickle charging not necessary. 

No corrosive fumes—no separate Battery 
Room. 


Can be recharged 


in 3 hours. 


Complete schemes for every possible 
requirement. 


Complies with latest Home Office 
Regulations. 



Working diagram free on request. 
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ION T 
.RATU 


T he four portable test sets illustrated provide facilities for all the major tests 
required on voice frequency repeatered telephone systems, and have been 
largely supplied to the British Post Office as well as to Administrations abroad. 
The kit comprises a heterodyne oscillator, a direct reading transmission measuring 
set, a voice frequency line impedance bridge and a special impedance unbalance 
attachment. The measurements which can be made include transmission level and 
loss measurements, the measurement of impedance on telephone lines, and the 
measurement of impedance unbalance on lines and networks. As the source of tone 
is a heterodyne oscillator with a fiat output frequency characteristic, and as the 
transmission measuring set has a flat frequency response and is direct reading, 
measurements of loss, level and impedance unbalance can be made extremely rapidly 
and without intermediate adjustments or cahbration. 

Impedance measurements on lines can also be made both accurately and quickly. 

Full details on request. 

Standard Tckphoncs and Cabks Limited 


NORTH WOOLWICH, 


Telephone : Albert Dock 1401 


LONDON, E.16 










6,600 volt metalclad SVBGEAR showing one 
breaker in service position, one isolated and 
one withdrawn for inspection. 

Simplicity and compactness are salient 
features of this type of switchgear which 
complies fully with British Standard 
Specifications. 

It is metalclad and built on the vertical 
isolation principle, and has withstood 
successfully the most searching tests in 
the G.E.C. High Power Testing Labora¬ 
tory at Witton Works. 


Full technical details are given in G.E.C. 
Technical Description No. 334, a copy of which 
will be sent to you on request. 


Advi. of The General Electric Co., Ltd., Head Office: Magnet House, Kingsway, London, W.C.2 


I.E.E. Journal Advertisements { vi) 


A RANGE OF COMPOUND 
FILLED SWITCHGEAR WITH 
BREAKING CAPACITIES FROM 
75,000 k.v.a UP TO 250,000 k.v.a 


The main advantages include: 

SPACE ECONOMY 

SPEEDY MANIPULATION FOR 
INSPECTION AND ADJUST¬ 
MENT 

COMPLETE PROTECTION OF 
LIVE METAL AND INSULATION 
AGAINST DUST AND DIRT 






T' 


Part of an installation totalling 8,250 amperes 
in service at the Birmingham Works of Lines 
Bros. Ltd., the world-famous manufacturers 
of Tri-an£ toys, the “Fairvcvcie ’’ etr. 


Send to department for descriptive literature of 


5TINGHOUSE BRAKE & SIGNAL CO. LTD 
K ROAD, KlNG^S CROSS,”^L O N iS O N 
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BABGOGK HOUSE, 34 FARRINGDON STREET, LONDON, E.G.4. 


F usion welding is a specialised 
method of fabricating pressure 
vessels and is a process separate and 
different from those methods used 
hitherto. It requires special technique, 
plant and shop appointments. 

The Babcock Fusion Welding Process is 
representative of scientific research 
applied to engineering and its success 
is assured by the ideal conditions under 
which it is carried out in our 'Renfrew 
Works. Our faith in the process is 
exemplified by the new welding shop 
9 recently completed, a view in which is 
shown above. This shop is 330' 0" 


long X 60' 6" wide. It is completely air 
conditioned, and new X-ray equipment 
has been installed capable of penetrating 
4|" thick steel plate. 

The increasing number of Inspection 
and Survey Authorities throughout the 
world now accepting this construction 
is proof of the process and a gratifying 
testimonial to the pioneer research 
work underlying it. 

“The Utilisation of Metallic Arc Weld¬ 
ing in the Construction of Steam 
Generating Plant,” is the title of a 
new publication which we shall be glad 
to send on request. 


RvSdi! 
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Overcurrent 
Directional 

Specify Ferranti relays for the 
protection of your system. 

These relays have an adjust- 
able inverse and definite minimum time limit 
characteristic. They are applicable both for 
overcurrent and earth leakage protection on 
A.G. circuits. 

Low consumption of only 2.0 V.A. on the 
100% setting imposes a very small burden on 
the current transformers. 

High torque ensures good setting values and 
freedom from sticking. Heavy gauge windings 
withstand the severest duties. Two powerful 
damping magnets on each element. Contacts 
are exceptionally robust. 

Type O.D. Relays remain truly directional 
down to 1% of normal voltage. 


Overcurrent 

Non-directional 

The automatic plug setting 
board is easily visible. In¬ 
sulated tapping plug pro¬ 
vided. Flag indicator on 
each element reset by band from outside the case. 

Type O.N. Relays are available in single, double and triple pole 
cases for horizontal or vertical mounting. 

For full details write for list I.R.I. 

FERRANTI LTD., HOLLINWOOD, LANCS. London Office; Bush House, Aldwych, W.C.2. 
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TELEPHONE 
BLACKFRIARS 
8701 (8 iJnes) 


FREDERICK SMITH & COMPANY 

(iHCORPORmO IN THE LONDON ELECTRIC WIRE COMPANY Al 

ANACONDA WORKS, SALFORD 


telegrams 

Anaconda 


3, LANCS. Manchester 


COPPER, \ 
COPPER- \ 
CADMIUM ^ 
OR BRONZE. 

Supplied to any standard 
specification or to sizes 
and shapes to meet 
special requirements. 


A i8o" K-B Fan 
photop'apiced 
before des¬ 
patch. Capacity: 
170,000 c.f.p.m. at 
3 J''w.g. Mechanical 
efficiency: over 
So%. Alongside are 
3 smaller “K-B” 
Fans. Picture gives 
some idea of our 
manufacturing 
facilities, and we 
invite your 
enquiries. 


BLACKMAN 


HEAD OFFICE 

27 FARRINGPON AVENUE, LONDON, E.C.4] 


Telephones:_CENTRAL709i (9 lines). Telegrams: “James Keith, Phone, London.*’ 





















The magical mango 



A mango seed is embedded in soil, 
moistened and covered with a 
basket. After an incantation by 
the Indian yogi, the basket is 
removed, shewing a green shoot. 
The covering and uncovering are 
repeated and in the course of about 
one hour a large shrub has appeared 
—sometimes bearing fruit. 

Such seeming magic of the mystic 
East makes a great impression on 
Western travellers, who take for 
granted the more potent magic of 
their own lands and their own time 
—the magic of ELECTRICITY, 
harnessed and controlled. 


Everywhere the distribution of 
electricity has grown with magical 
speed, each supply authority send¬ 
ing out “ branches ” to serve 
countless homes and factories and 
public buildings. 


In this growth the B.l. has played 
a pioneer part, designing and 
manufacturing joint boxes for dis¬ 
tribution systems, both at home 
and abroad. It is this experience 
in the advance of engineering 
practice, built into the details and 
general arrangement that have 
brought B.I. joint boxes to 
their present pre-eminent position. 


J 



Tel. No. Prescot 6571. 


SCOT, LANCS. 

London Office : Surrey House, Embankment, W.C.2, Tel. No. Temple Bar 7722 
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A TWO PART TARIFF PREPAYMENT 
METER WITH STAR FEATURES 


';Ar charge adjustable from 2d. to 4/- in steps 

of |d. or from 4d. to 8/- in steps of |-d. 

Exact amount of rental always collected. 

Special arrears device enables consumer when in 
arrears to obtain emergency stipply on payment 
of one coin. 

Manufacturers: 

CHAMBERLAIN & HOOKHAM. Ltd. 

SOLAR WORKS, NEW BARTHOLOMEW STREET 
BIRMINGHAM 

London Office: Magnet House, Kingsway, W.C.2 



“BIJOU” 

INSTRUMENTS 


PATtKT 


B.S. 1st GRADE 


AMMETERS 

VOLTMETERS 

WATTMETERS 

REACTIVE 
K.V.A. METERS 
POWER 

FACTOR METERS 


1 ¥ Dial - 5" Scale 
4" Dial — 8" Scale 


Prices on Request 


NALDER BROS.6rTHOMPSON Lie 
Dalston Lane Works, London.E.8 

Tefegramsi Occlude, Hack, London. Telephone.: Clissbfd 2365 (3 lines) 



Trade Moulders to the 
Electric al Industry . 

/^UR long and extensive trade connection 
with the Electrical Industry has built a 
big proportion of our business. We are still 
serving many customers with whom we com¬ 
menced business in 1899. Knowledge of the 
requirements of the industry places us in the 
position of being able to advise on the right 
grade of mouldings for particular purposes. 



MOULDINGS in BAKELITE, 
UREA, DIAKON and other 
SYNTHETICS. 



MOULDINGS IN EBONESTOS . 
COMPOSITION having Heat, Acid, 
Oil, Alkali and Water-resisting 
qualities. 

For QUALITY MOULDINGS 
delivered on time 
enquire from— 


EBONESTOS 

INDUSTRIES 


Teltphone 
NEW CROSS 
1913 

[5 Lines] 


EXCELSIOR WORKS 
ROLLINS ST. S.E. 15 

Branch Factory: Barry Road, Stonebrldge Parle, N.WJO 


REGISTERED 




TRADE-MARK 


RESISTANCES & REGULATORS 

FOR SPECIAL PURPOSES 

BUILT TO SUIT YOUR REQUIREMENTS 

Let us have your enquiries 
PROMPT DELIVERIES UNEQUALLED SERVICE 



H It pays to buy ‘and instal “ Zenith ” 


apparatus 


THE ZENITH ELECTRIC CO. LTD. 

Sole Makers of the well-known “ Zenith ” Electrical Products 
Contractors to the Admiralty, War Office, Air Ministry, G.P.O., L.C.C., etc. 
ZENITH V90RKS, VILLIERS RD.,WILLESDEN GREEN, LONDON, N.W.2 
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Long life and a secure one. 
That is what M & M locks 
offer you—and that is 
ybur real economy. The 
adoption of “cheap” 
imitation focks is bad 
speculation—it’s costly 
and fallacious to consider 
them economical. With 
the new M & M patent 
Four Lever lock—recog¬ 
nised as the safest in the 
market—yo u h ave a so u n d, 
lasting piece of mechanism 
...ready for long, trouble- 
free service. 


Note.—The /ever type lock 
is recognised as the safest 
type made, and used on the 
majority of safes. An M 8(M 
Lock with Skeleton Cap 
showing interior construc¬ 
tion will be sent on request. 



Beware of imitations—they 
may be flattering to us but 
they may prove costly to 
you. Look for patent num¬ 
ber stamped as on the above 
illustration. 



METER LOCKS 


H. 

MITCHELL 

& CO. 

3 & 5, Leighton Road 
London, N.W.5 


SECURE ECONOMY-THROUGH LASTING SECURITY 


I.E.E. PUBLICATIONS 


The Journal. 

Published monthly, and circulated free of charge to 
members of all classes. Single Numbers: members of 
all classes, 5s. 3d.; non-members, 10s. 6d. 

Ten-Year Index to the Journal. 

To Vols, 1-10 (1872-82), 2s. 6d; 11-20 (1882-91), 
2s. 6d.; 21-30 (1891-1901), 2s. 6d.; 31-47 (1901-1911), 
2s. 6d.; 48-69 (1912-21), 2s. 6d.; 60-69 (1922-31), 
10 s. 6d. 

Proceedings of the Wireless Section. 

Published two or three times yearly, and circulated 
free of charge to members of the Wireless Section. 
Additional Numbers: members of all classes, 2s. 6d.; 
non-members, 6s. 

Students’ Quarterly Journal. 

Published in March, June, September, and December, 
and circulated free of charge to Students and Graduates 
under the age of 28. Single Numbers: members of all 
classes. Is. 6d.; non-members, 2s. 6d. Annual Subscrip¬ 
tion: members of all classes other than Students and 
Graduates under the age of 28, 6s.; non-members, 10s. 

Science Abstracts (Section A, Physics; Section B, 
Electrical Engineering). 

Published monthly. Consists of full abstracts from 
the leading Scientific andTechnical Journals of the whole 
world, thus presenting in a form convenient for im¬ 
mediate reference a complete and concise record of the 
progress of Electrical Engineering and Physical Science. 
Single Numbers: members of all classes. Is. 9d.; non- 
members, 3s. 6d. Annual Subscription: members of 
all classes other than Students and Graduates under the 
age of 28, one Section 12s. 6d., both Sections 20s.; 
Students and Graduates under the age of 28, one Section 
5s., both Sections 7s. 6d.; non-members, one Section 36s., 
both Sections 60s. 

History and Objects of the Institution. 

Supplied free of charge to both members and non- 
members. 

Catalogue of the Lending Library. 

Revised 1936. Supplied free of charge to members. 
Regulations for the Electrical Equipment of Buildings 
(formerly I.E.E. Wiring Rules). 

Tenth edition, September 1934. Bound in cloth 
covers. Is. 6d. (postage 3d.). Bound in paper covers. 
Is. (postage 2d.). 

Regulations for the Electrical Equipment of Ships. 

Second edition, June 1926. Bound in cloth covers, 
3s. 6d. (postage 2d.). Bound in American cloth covers, 
2 s. 6d. (postage 2d.). 

Model Forms of General Conclitions. 

Form A. For Home Contracts (with erection). 
Revised April 1929. 2s. (postage 2d.) . 

Form Bl. For Export (delivery f.o.b.). Revised 
December 1928. Is. 

Form B2. For Export (including complete erection 
or supervision of erection). Revised December 1928. Is. 

Form C. For the Sale of Goods other than Cables 
(Home, without erection). Issued April 1924. 6d. 

Form D. For- the Sale of Cables (Home, without 
erection). Issued April 1924. 6d. 

Papers set at the Graduateship Examination. 

Price Is. per set. 

The above publications are post free except where 
otherwise stated. They can be obtained from the 
Secretary of The Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, London, ' W.C.2,' 
or from Messrs. E. and'F. N. Spon, Ltd;,. 57 Haymarket, 
London,; S'. W,T. 
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RESISTANCE measurements 


CAPACITY, POWER, DEGBELS 


The Model 7 Avometer provides 
unique facilities for electrical 
measuring. It is a compact multi¬ 
range A.C./D.C. meter, having 
46 ranges which provide.for all 
measurements of A.C. and D.C. 
amperes and volts, and also for 
measurements of capacity, audio¬ 
frequency power output and 
decibels. 


The meter conforms to B.S. 1st 
grade requirements. Readings can 
be made with great accuracy. No 
external shunts or series resis¬ 
tances. If an overload is applied, 
a protective cut-out automatically 
disconnects the meter from the 
source of supply. 


Write for descriptioe pamphlet 

THE AUTOMATIC COIL WINDER & 
ELECTRICAL EQUIPMENT CO., LTD. 
Winder House, Douglas St., London, S.W.I 
Telephone: Victoria 3404/7 


16 tans. 
Resistance Range Ex¬ 
tension Unit (for 
measurements down 
to l/IOOth-ohm) 10/-. 


TheSS-range Universal Avometer, 13 gns 
The 22-range D.C- Avometer, 9 gns, 
Leather Carrying Cases - - £1 


DEFEHRED TERMS IF DESIRED. 






rSCHNICAL 

AMD APPLICATIONS 
RtcitlWtWC lIAtrVES 

SUlTAStr l-OR EWAA, 
.,f-h VOLTAGE 


This new publication contains data for each 
type of valve and typical applications of the use 
of Thermionic Valves for E.H.T. Rectification. 


■1 

I 

! 


for 

E.H.T. 


A copy will be sent post free on request. 
Please refer t6 0YJ723 


Advt. of The General Electric Co., Ltd., Magnet House, Kingsway, London, W.C.2. 
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One of three 75,000 kVA Main Generator Transformers 
and one of two 12,500 kVA Aiixiliary Transformers, before 
being bricked up in their respective cbatnbers. The small 
picture shows one of eight 950 kVA dry type air<*biast 
cooled Transformers in the Boiler house. 


Other “Metrovick” plant with which this 
station is' equipped includes !■—further Auxi!' 
iary Transformers, ■ Main TurhcvAltemators, 
Main Switchgear aiid Boiler house Motors. 
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H0RTH-¥/ESTERH centre. 

G. I.. PoRTBR, 


ItTRES AND SUB-CENTEE^’—(Conf/nu^J) 


Chairman. 

Hon. Secreinry, —L. H. A. Carr, IVI Sc Teoli " 0,11 • i » 
Canibricige Road, Hale, A]trinc]iam;^^]’ire 

SCOTTISH CENTRE. 

Chnirnuin. —li. C. Babb. 

Hon. SecreAary.— 


~H. V. Henniker, 172, Craigleith 


Hon. Assist, Sccrelarics. 

Road, Edinburgh. 

R. B. Mitcheli., ’ o;']. LaiidprrBlf, 

G]as|||||^’\v, W.2. ' Gardens, Hyndland, 

Dundee Sub-Cenfre. 

Chairmnn .J. Hargrove 

s..pp.y 
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. . SOUTH MIDLAND CENTRE. 

C/,mrman.-~E. A. REVNOLD.g, M.A, 

Hon' Street, Birmingham. 

Pari'bnil "Clonsilla," 3, 

lark Plili Road, Harborne, Birmingham, 17. 

. East Midland Sub-Centre. 

Chmr 7 nan .—\ Y . F. Furse. 

Middleton Place, Longh- 

^ WESTERN CENTRE. 

Chairwan.—J. W. Spark, 

Market Street, 

jliS?' Sub-Oentre. 

Glanbrydan Avenue, 


1 v_l \ v CLIJ OCcl 4 

Chairinan.^R. R. G.^Sreev'" ('lii-^ctly under the Council). 

j Hon. Secretary .—A. G. HiscocK, 

Northern Tmi i c* v r. x Grove, Southsea, Hants. 

Chairman.-T. T. SSSLr ®^^^“Centre (directly under the Council). 

j Secretary. ~ Y\y . J. McC. Girvan 


. INFORMAL MEETINGS. 

Chairman of Committee.~F. Jervis Smith. 

METER AND INSTRUMENT SECTION. 

—(j. F, Shotter 


AUSTRALIA. 

„ r , Wales. 

(■hamnqn.~Y. L. Molloy. 

Hon. Secretary^W. J. McCallion, M.C., c/o Fdectrical 
b-ngineers Branch, Dept, of Public Worlds, Sydney. 

Queensland. 

<7,«W S. josr. c/o P.O. Bo. 

South Australia. 

Chairman and Hon Secretary.-R. W. H. Wheadon, Kelvin 
Biuldmg, Forth Terrace, Adelaide. 

Victoria and Tasmania. 

Chairman and Hon. Secretary.~R. R Harper 99 a 9 
William Street, Melbourne ^^arper, 22-32, 

Western Australia. 

Chairman.—]. R. W. Gardam. 

"“’’soSir'peSi:^-«'■= 

CEYLON. 

Chairman. — Major C. H, 73razel, M.C. 

tion. Secretary.—G L. Kirk, Stanley Power Station 
Kolonnawa, Colombo. 


LOCAL COMMITTEES ABROAD. 


Ardkeen, McC anghan Park, Lower Castlereagh, Belfast. 

. TRANSMISSION SECTION. 

Chairman. — P. Dunsheath, O.B.E., M.A., D.Sc. 

WIRELESS SECTION. 

Chairman. —E. Mallett, D.Sc.(E ng.). 


INDIA. 

atairman.—R. G. 

"^P^sfES: Hou.se, 

Chairman.—R. T. 

Hon. Secretary.~R>. H. p. Henderson, c/o Calcutta Electric 
Suppl 5 ’- Corporation, Po.st Box 304, Calcutta. 

ri- .vv Lahore. 

aia .% rman .— R ^ ov . T. H. Matthewman 

Bt it 7,3“ 

f,. . , Madras. 

(^airman.— R . T. 

Hon.t^Wtery.-j. McDermott. P.O. Box 749, Welling- 

SOUTH AFRICA. 
ni. • , Transvaal, 

Ttan3”e3b3^™- ■"“’•‘'“V.-W. ELsnoi, Dew, Bo. «68, 


Bmkhng, .loronto, Ontario. 

^H^DESIArG.H.SwiNGLER.CityElec' 
FEANCP •''^g^neer Coloration Electricity Dept., Cape Town. 
I'RANGE. 1. M. J. Ailleret, 30, Avenue Kleber, Paris 

HOLLAND: A. E. R. Collette, Heemskerckstraat, 30, 

i. ilC 

INDIA: C. C 1 Eastgate, c/o Octavius Steel & Co., 14, 
Old C.ourt House, Calcutta,. 

ITALY: L. Emanueli, Via Fabio Filzi, 21, Milan. 

““hieomela/u™' Tanimachi, 


LOCAL HONOEABY SECRETAEIES ABROAD. 

^ 4 . 1 .. n-i ___ _ 


(HI) 


NEVSf SOUTH WALES; V. J. F. Brain, B.E. Chief ElectricaJ 
%li3r of P“Wic Worbi Erid^, sSe?! 

^‘^Hermoxt, P.O. Box 749. Welling- 
P-0. Box 1067N. G.P.O., 

SOUTH AUSTRALIA: F. W. H Wheadon RALHr ,-r -m- 
North Terrace, Adelaide Building, 

TRANSVAAL: W . Elsdon Dew Box Toh-mn ^ 

°? UWBMOAfGat' $o”^ba 

*“’• Broad street, 

™“t“ t, William 

WESTERN AUSTRALIA; Prof. P. PI Frafnkei b p 

The Univensity of Western Au.stralia, Crawley, Pertti ” 





LONDON. 

Chairman .— N. R. Rice. 


STUDENTS’ SECTIONS. 

1 MERSEY AND NORTH WALES (LIVERPOOL). 


m Gardens, F. Danwra. 3, Westmorland Road, 

V lierllll, ClUllCVC Q«,,+ETar^.-+ 


NORTH-WESTERN. 

ChairniaH.- —J. G. Aumitage. 


Southport. 


SOUTH MIDLAND. 


Hon. Secreiary.—ll. M. A. Smith, Meter Engineering Chairman. —J. D. Evershed. 

Dept., .Metropolitan-Viclcers Electrical Co., Ltd., Hon. .Secretary. —H. J. Sheppard, 90, Prouds Lane, 
Trafford Pri.,rk, Manchester, 17. Bilston, Staffs. /s 


SCOTTISH. 

Chairman. — ^Vi'. J. Cozp;n.s. 

FTon. Secretary. —G. FI. Wire, 46. South Brae Drive, 
Jordanl li 11 , Glasgow. 

NORTH-EASTERN. 

C lirman. —P. Richardson. 


NORTH MIDLAND. 

Chairman .— J. E. Hall. 

Hon. Secretary.—W'. Chambers, 8, Aii-edale Drive, 
Florsforth, I.eeds. 

SHEFFIELD. 


Hon. Secretary. —H. B. Topham, o/o Messrs. C. A. Par- Chairman. —K. FIopkinson. 

son.s and Co., Ltd., Heaton Works, Newca,stle-on- Hon. Secretary. — G. N. Everitt, 57, Rustlings Road, 
Tyne, 6. n 


Sheffield, 11. 


BRISTOL. 

Chairman.—V. li. Yeo. Hon. Secretary.—. H. Sm.all, ” St. Brendan,” Rookepy Road, Knowle, Bristol, 4. 


THE S 


EVOLENT FUND. 


The object of the LE.E. Benevolent Fund is to help 
those members of The Institution and their dependants 
who have suffered a set-back through ill health, or who 
are passing through times of stress. 

HOW TO HELP THE FUND 

1. Annual Subscriptions. 

2. Donations. 

3. Legacies. 

Though your gift be small, please do not' hesitate to send it. 

Subscriptions and Donations should be address.;;d to 

THE HONORARY SECRETARY, THE BENEVOLENT FUND, 

THE INSTITUTION OF ELECTRICAL ENGINEERS, 

SAVOY PLACE, W.C.2. 

» 

LOCAL HON. TREASURERS OP THE FUND. 

Irhh Centre: T. J. Monaghan. North-Eastern Centre: N. Cresswell. North Midland Centre: 
R. M. Longman. Sheffield Sub-Centre: W. E. Burnand, North-Western Centre: T. E. FIerbert. Mersey 
and North Wales {Elverpool) Centre: A. C. Livesey. Scottish Centre: {Glasgonl) A. Lindsay; (Edinburgh) 
D. S. Munro. Dundee Sub-Centre: P. Philip. South Midland Centre: W. Y. Ander.son. Western Centre: 
(Bristol) E. P. Knill; {Cardiff)]. W, Elliott. Hampshire Sub-Centre: W. P. Conly, M.Sc. 
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